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OFFICERS  OF  THE  ASSOCIATION 


CINCINNATI   MEETING,    MAY,    1851, 


Prof.  A.  D.  Baohb,  President, 
Prof.  S.  F.  Bairo,  Permanent  Secretary, 
Prof.  Wm.  B.  Boqers,  General  Secretary, 
Dr.  Alfred  L.  Elwyn,  Treasurer, 


STANDING  COMMITTEE. 


Prof.  A.  D.  Bache, 
Prof.  8.  F.  Baied, 
Prof.  Wm.  B.  Rogers^ 
Prof.  A.  L.  Elwyn, 


Ex  Officio. 


Prof.  L.  Agasbiz. 
Jos.  G.  Anthony,  Esq. 
J.  W.  Foster,  Esq. 
Prof.  Jas.  Henry. 
Prof.  0.  M.  MiTCHSL. 
Prof.  B.  Peirce. 
Thos.  Rainey,  Esq. 
Wm.  C.  Redfield,  Esq. 
Capt.  Chas.  Wilkes. 
Dr.  L.  P.  Yandell. 


LOCAL  COMMITTEE. 


Hon.  Jacob  Burnst,  Chairman, 
Thos.  Rainey,  Esq.,  Secretary. 

Prof.  0.  M.  MiTCHEL. 

Prof.  B.  SiLLDCAN,  jr. 
Chas.  Stetson,  Esq. 
Hon.  Timothy  Walker. 
Prof.  H.  N.  Robinson. 


Hon.  Nathan  Guilford. 
Rey.  Dr.  N.  L.  Rice. 
E.  D.  Mansfield,  Esq. 
Rt.  Rey.  Bishop  Puroell. 
Dr.  Joseph  Ray. 
John  P.  Foote,  Esq. 
Dr.  J.  A.  Warder. 


Robert  Buchanan,  Esq. 
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SPECIAL  COMMITTEES. 


CcmmUee  an  the  Paper  of  Prof.  Mitchel,  upon  a  new  method  of  ob$erv- 
vng  <md  recording  Aet  JR.  A,  and  JT.  P,  Distances. 


Prof.  B.  Pkibcb. 
Prof.  W.  H.  C.  Babtlbtt. 
Prof.  Samuel  St.  John. 
Prof.  J.  H.  Alexakdeb. 


Dr.  H.  J.  Andebson. 
Capt.  Chas.  Wilkes. 
Sbabs  C.  Walkeb,  Esq. 
Prof.  J.  H.  C.  Coffin. 


Committee  on  Prof.  CoaJclay's  Elliptic  TaUes  of  Neptune. 

Prof.  B.  Peibcb.  I  Prof.  A.  D.  Baohe. 

Lieut.  Chas.  H.  Davis. 

Committee  to  examine  the  Experiments  of  Prof  Johnson  on  Coals,  and 
to  express  an  opinion  as  to  the  propriety  of  their  continuance,  by  order 
of  Congress. 


Dr.  MoBBEL  Wtmak. 


Prof.  J.  P.  NoBTOir. 


Prof.  B.  SiLLiMAK,  jr.  R.  C.  Tatlob,  Esq. 

Comamttee  on  Physical  Constants. 


Prof.  J.  F.  Fbazeb. 

Prof.  LOVEBINO. 

Prof.  B.  Peibce. 


Prof.  0.  M.  Mitchel. 
E.  C.  Hebbige,  Esq. 
Prof.  L.  R.  GiBBES. 


Prof.  D.  Olmsted. 

CofmanMiiee  on  Annual  Assessments  and  Tickets. 

Prof.  Asa  Gbay,  of  Cambridge,  f  Dr.  Alfebd  L.  Elwtn,  of  Phila- 
Mass.  i     delphia. 

Prof.  Henbt  D.  Booebs,  of  Boston. 

Commttee  on   a  change  in  the   Constitution  providing  for    Honorary 

Members. 


Prof.  Hbnbt  D.  Rogsbs,  of  Boston. 
Prof.  Jas.  Hall,  of  Albany. 
Prof.  Benjamin  Peibce,  of  Cam- 
bridge. 


Prof.  Benjamin  Silliman,  jr.,  of 

New  Haven. 
Prof.    Walteb    R.    Johnson,    of 

Washington,  D.  C. 
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CcmimUUe  en  the  CommuniccUion  of  Lieut.  Maury,  upon   Wind$  and 

Currents. 


Pres.  Sparks,  of  Cambridge,  Mass. 

Prof.  Lxwis  B.  GiBBSs,  of  Charles- 
ton, S.  C. 

Prof.  Benjamin  Psibob,  of  Cam- 
bridge, Mass. 


Wm.  C.  Redfield,  Esq.^  of  N.  Y. 

J.  Inoebsoll  Bowditch,  Esq.,  of 
Boston,  Mass. 

Prof.  Abnold  Outot,  of  Cam- 
bridge, Mass. 


Committee  on  the  Prime  Meridian, 


Prof.  A.  D.  Baohe,  Sup't  U.  S. 

Coast  Survey. 
Lieut.  M.  F.  Maubt,  Sup't  National 

Observatory. 
Prof.  Babnabd,  of  Alabama. 
Prof.  Lewis  R.  Gibbes,  of  S.  C. 
Prof.   Coubtjsnay,    University  of 

Virginia. 
Prof.  S.  Alexander,  of  Princeton, 

New  Jersey. 
Prof.  J.  F.  Fbazeb,  University  of 

Pennsylvania. 
Prof.  Anderson,  of  New  York. 
Prof.  0.  M.  Mitchel,  of  Cincinnati. 
Prof.  Stanlet,  Yale  College. 


Hon.  Wm.  Mitchell,  of  Nantucket, 
Mass. 

Prof.  LovEBiNG,  Cambridge,  Mass. 

Prof.  Smyth,  Bowdoin  College. 

Prof.  WiNLooK,  of  Kentucky. 

Prof.  CoAKLAY,  of  St.  James,  Mary- 
land. 

Prof.  CuBLEY,  Georgetown  College. 

Prof.  FowLEB,  of  Tennessee. 

Prof.  Phillips,  of  North  Carolina. 

Prof.  Babtlett,  of  West  Point 

Prof.  Snell,  of  Amherst,  Mass. 

Prof.  Caswell,  of  Providence. 

Lieut.  C.  H.  Davis,  Sup't  Nautical 
Almanac. 


Committee  in  relation  to  the  United  States  Coast  Survey. 


Hon.  Edwabd  Eybbbtt,  of  Cam- 
bridge, Mass. 

Prof.  Benj.  Peiboe,  of  Cambridge, 
Mass. 

Prof.  Caswell,  of  Providence,  R.  I. 


Prof.  M.  J.  WiLUAMB,  of  S.  C. 

Prof.  Chas.  F.  McCat,  Athens,  Ga. 
I.  W.  Andbews,  Esq.,  Ohio. 
Dr.  L.  P.  Yandell,  Louisville. 
Prof.  0.  M.  Mitchel,  Cincinnati. 


Committee  on  a  un^orm  standard  of  Weights  and  Measures, 


Prof.  Jos.  Hbnby,  of  Washington. 
Prof.  ArnoldGutot,  of  Cambridge 


Prof.  Stanley,  of  N.  Haven,  Conn. 
Lt.  M.  F.  Mauby,  of  Washington. 


Prof.  A.  D.  Baohx,  of  Washington. 
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OFFICERS   OF  THB   A8S00IATI0K. 


Committee  to  memorialize   State    Governments  upon  the  importance  of 
commencing  or  continuing  Gfeological  Surveys. 


Dr.  R.  W.  GiBBES. 
Pres.  E.  Hitchcock. 
Prof.  H.  D.  Rogers. 
Dr.  C.  T.  Jackson. 
Got.  J.  W.  Matthews. 
Prof.  L.  Agassiz. 
Prof.  B.  SiLLiMANi  Sen. 


Dr.  S.  G.  Morton. 
Dr.  G.  Teoost. 
Prof.  Wm.  B.  Rogers. 
J.  Hamilton  Couper,  Esq. 
Dr.  T.  RoMETN  Beck. 
James  Delafield,  Esq. 
Prof.  L.  C.  Beck. 
Prof.  J.  Henry. 


Committee  to  memorialize  the  Legislature  of    Ohio  on  the  subject  of 
a  Geological  Exploration  of  that  State, 


Judge  Laite,  Sandusky,  Chairman, 
John  Andrews,  Esq,  Columbus. 
S.  Med  ART,  Esq.,  Columbus. 
Judge  Yance,  Hamilton. 
John  H.  James,  Esq.,  Urbana. 


Prof.  S.  St.  John,  Hudson. 
Robert  Buchanan,  Esq.,  Cincin'ti. 
John  P.  Foote,  Esq.,  Cincinnati. 
Hon.    Allen   Trimble,   Highland 
Co.,  Ohio. 


Hon  S.  J.  Andrews,  Cleveland,  0. 


Committee  to  memxmalize  the  Legislature  of  Missouri  on  the  suhject  of 
a  Geological  Survey  of  that  State, 


Prof.  Silliman,  Sen. 
Dr.  S.  G.  Morton. 
Prof.  A.  D.  Bache. 
Prof.  Joseph  Henrt. 
Prof.  L.  Agassiz. 


Dr.  George  Engelmann. 
Dr.  H.  King. 
Robert  Buchanan,  Esq. 
Prof.  James  Hall. 
Maj.  M.  L.  Clark. 


Conmdttee  to  m^emorialize  the  Legislature  of  Pennsylvania  in  Beferenee  to 
the  Publication  of  the  Mnal  Geological  Report  of  that  State,  Discharged, 


Prof.  B.  Silliman,  Sen.,  N.  Haven. 
Wm.  C.  Redfield,  Esq.,   of  New 

York. 
Solomon  W.   Roberts,    Esq.,    of 

Pittsburgh. 


Prof.  A.  D.  Bache,  of  Washing- 
ton. 

Prof.  James  Hall,  of  Albany. 

Prof.  Henry  D.  Rogers,  of  Bos- 
ton. 
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ConmUUefor  memcrializing  Congress  in  relation  to  Scientific  Explorations, 
and  the  distribtUian  of  the  Duplicates  from  the  Collection  of  the  JExplo- 
ring  Expedition/^ 


Dr.  RoBBRT  Harb,  of  Philadelphia. 

Prof.  BsNj.  SiLLiMAN,  Sen.,  of  N. 
Haven. 

Prof.  Stephen  Alexander,  of 
Princeton. 

Prof.  Hbnrt  D.  Roqers,  of  Boston. 

Pres.  Edward  Hitchooge,  of  Am- 
herst, Mass. 


Wm.  C.  Redfield,  Esq.,  of  N.  Y. 

Prof.  Benjamin  Peirgs,  of  Cam- 
bridge, Mass. 

Dr.  Robert  W.  Gibbes,  of  Colum- 
bia, S.  C. 

Prof.  Louis  Aoassiz,  of  Cambridge. 

Dr.  Samuel  G.  Morton,  of  Phila- 
delphia. 


ComndUee  to  memorialize  Congress  on  the  subject  of  attaching  a  Corps  of 
Scientific  Observers  to  the  Mexican  Bowndary  Survey,    Discharged, 


Prof.  L.  Aoassiz. 
Prof.  B.  SiLLiMAN,  Sen. 


I  Prof.  W.  B.  Rogers. 
I  Dr.  Walcot  Gibbes. 
Dr.  S.  G.  Morton. 


Sub-Committee,  in  the  name  of  the  Standing  Committee,  to  revise,  alter, 
adopt,  and  publish  the  Rules  of  Organization,  presented  at  the  meeting 
of  the  Standing  Committee,  held  on  Monday,  August  26. 


Prof.  A.  D.  Bachb. 


I  Prof.  S.  F.  Baibd. 
Prof.  Jos.  Henrt. 


Sub-  Committee  to  report  a  list  of  Colleges  whose  Professors  in  branches  of 
Science  are  members  of  the  Associaiion,  with  the  Nasnves  of  ike  Profes- 
sors, and  also  the  Names  of  those  who  are  not  yet  Members, 

S.  F.  Baird,  Permanent  Secretary. 


Suh- Committee  to  prepare  and  present  to  the  Association  a  System  of  Sci- 
entific Ethics, 

Prof.  Joseph  Henry. 


*  Thia  committee  has  also  been  requested  to  consider  the  propriet7  of  memorializing 
Congreaa  <m  tha  subject  of  granting  public  lands  to  Missouri,  for  the  purpose  of  carrying 
on  a  geological  surrey  of  that  State. 
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Shtb-Committee  to  make  Arrangements  far  Exporting  Proceedinge  of  the 
Albany  Meeting, 

Prof.  D.  OuiSTXD  of  Yale.  |  Prof.  8.  F.  Baird,  PemmU  Sec'ty. 


Thb  followiiig  amendments  to  the  Constitation  are  to  be  acted  on  at 
the  Albany  meeting,  August,  1861 : 

1st.  That  the  Permanent  Secretary  shall  erase  from  the  list  of 
members  the  names  of  all  those  who,  by  the  return  of  the  Treasurer, 
shall  appear  to  be  two  years  in  arrears  for  annual  dues; — suitable 
notice  being  giyen  by  two  circulars  from  the  Treasurer,  at  an  intenral 
of  three  months,  to  all  who  may  fall  within  the  intent  of  this  pro- 
Tision. 

2d.  That  the  annual  subscription  of  each  member  of  the  Assoeia- 
ation  be  two  dollars,  which  shall  entitle  him  to  a  copy  of  the  proceed- 
ings of  each  annual  meeting. 
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OBJECTS. 

Thb  Society  shall  be  called  "  The  American  Association  for  the  Ad- 
vancement of  Science.'^  The  objects  of  the  Asaooiation  are,  hy  peri- 
odical and  migratory  meetings,  to  promote  intercourse  between  .those 
who  are  cultivating  science  in  different  parts  of  the  United  States ;  to 
give  a  stronger  and  more  general'  impulse/  and  a  more  systematic 
direction  to  scientific  research  in  our  country ;  and  to  procure  for  the 
labors  of  scientific  men^  increased  facilities  and  a  wider  usefulness. 

RULES. 

MEMBERS. 

Rule  1.  Those  persons  whose  names  have  been  already  enrolled  in 
the  published  proceedings  of  the  Association,  and  all  those  who  have 
been  invited  to  attend  the  meetings,  shall  be  considered  members,  on. 
subscribing  to  these  rules. 

Rt7Ue  2.  Members  of  scientific  societies,  or  learned  bodies,  having  in 
view  any  of  the  objects  of  this  Society,  and  publishing  transactions, 
shall  likewise  be  considered  members,  cm  subscribing  to  these  rules. 

Rule  S.  Collegiate  Professors  of  Natural  History,  Physics,  Chemis- 
try, Mathematics,  and  Political  Economy,  and  of  the  theoretical  and 
applied  Sciences  generally ;  also.  Civil  Engineers  and  Architects  who 
have  been  employed  in  the  constaruction  or  superintendence  of  public 
works,  may  become  members,  on  subscribing  to  these  rules. 

Rule  4.  Persons  not  embraced  in  the  above  provisions,  may  become 
members  of  the  Association,  upon  nommation  by  the  Standing  Com- 
mittee, and  by  a  majority  of  the  members  present. 

OFFICERS. 

Rule  6.  The  officers  of  the  Association  shall  be  a  President,  Secre- 
tary, and  a  Treasurer,  who  shall  be  elected  at  each  Annual  Meeting^ 
for  the  meeting  of  the  ensuing  year. 
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MEETINGS. 

Rule  6.  The  Association  shall  meet  annually,  for  one  week  or 
longer,  the  time  and  place  of  each  meeting  being  determined  by  a  yote 
of  the  Association  at  the  previous  meeting ;  and  the  arrangements  for 
it  shall  be  entrusted  to  the  officers  and  the  Local  Committee. 

BTANDIKO     COMMITTEE. 

Rule  7.  There  shall  be  a  Standing  Committee,  to  consist  of  the  Pre- 
sident, Secretary,  and  Treasurer  of  the  Association,  the  Officers  of  the 
preceding  year,  the  Chairmen  and  Secretaries  of  the  Sections,  after 
these  shall  haye  been  organized,  and  six  other  members  present,  who 
shall  haye  attended  any  of  the  preyious  meetings ;  to  be  elected  by 
bttllot. 

RvuB  8.  The  Gonmittee,  whose  duty  it  shall  be  to  manage  tke 
general  business  of  the  Association,  shall  sit  during  the  meeting,  and 
at  any  time  in  the  interval  between  it  and  the  next  meeting,  as  the 
interests  of  the  Aasoeiatioa  may  require.  It  shall  also  be  the  duty  of 
this  Committee  to  nominate  the  General  Officers  of  the  Association  for 
the  following  year,  and  persons  for  admission  to  membership. 

snonovs. 

Rule  9.  The  Standing  Committee  shall  organise  the  Society  into 
Sections,  permitting  the  number  and  scope  of  these  Sections  to  vary,  m. 
conformity  to  the  wishes  and  the  seientific  business  of  the  Associatun. 

R0LE  10.  It  shall  be  the  duty  of  the  Standing  Committee,  if,  at  any 
time,  two  or  more  Sections,  induced  by  a  deficiency  of  scientific  com- 
munications, or  by  other  reasons,  request  to  be  united  into  one ;  or  iC 
4kt  any  time  a  single  Section,  overloaded  with  business,  asks  1»  be  sub- 
divided, to  effect  the  change,  and  generally  to  re-adjust  the  subdivisioiM 
of  the  Association,  whenever,  upon  due  representation,  it  promises  to 
expedite  the  proceedings,  and  advance  the  purposes  of  the  meeting. 

SSCTXOVAI.  COMMITTEES   AND  OFFICERS. 

ReuB  11.  Each  Section  shall  appomt  its  own  Chairman  and  Secre- 
tary of  the  Meeting,  and  it  shall  likewise  have  a  Standing  Committee, 
of  such  size  as  the  Section  may  prefer.  The  Secretaries  of  the  Sections 
may  appoint  assistants,  whenever,  in  the  discharge  of  their  duties,  it 
becomes  expedient. 

Rule  12.  It  shall  be  the  duty  of  the  Standing  Committee  of  each 
.Section,  assisted  by  the  Chairman,  to  arrange  and  direct  the  proceed^ 
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ings  in  their  Beodoii,  to  aaoertuii  wliat  written  and  oral  communications 
are  offered,  and,  for  the  better  forwarding  the  businesfi,  to  assign  the 
order  in  which  these  communications  shall  appear,  and  the  amount  of 
lime  which  eaeh  shall  oc4tupy;  and  it  shall  be  the  duty  of  the  Chair- 
man to  enforce  these  decisions  of  the  C!ommittee. 

These  Sectioaal  Committees  shall  likewise  recommend  subjects  for 
systematic  inTestigation,  by  members  wUling  to  undertake  the  re- 
searches, and  present  their  results  at  the  next  Annual  Meeting. 

The  Committees  shall  likewise  recommend  Beports  on  particular 
topics  and  departments  of  science,  to  be  drawn  up  as  occasion  permits, 
by  competent  persons,  and  presented  at  subsequent  Annual  Meetings. 

BKPOBTS   OF  FBOCnniNQS, 

RuuB  13.  Whenerer  practicable,  the  proceedings  shall  be  repiuied 
by  professional  reporters  or  stenographers,  whose  reporte  are  to  be 
reyised  by  the  Secretaries  before  they  appear  in  print 

PAPERS  Aim   OOXMUNIOATIONS. 

Ruui  14.  The  author  of  any  paper  or  communication  shall  be  at 
fiberty  to  retain  his  right  of  property  therein,  proTided  he  declares  sucli 
to  be  his  wish  before  presenting  it  to  the  Society. 

QSVSBAJ.  AVD  XYKHINO  HXKTXNG8. 

RuLB  15.  At  least  three  evenings  of  the  week  shall  be  reserred  for 
General  Meetings  of  the  Association,  and  the  Standing  Committee 
shall  appoint  these  and  any  other  General  Meetings  which  the  objects 
and  interests  of  the  Association  may  call  for. 

These  General  Meetings  may,  when  eonFcned  for  that  purpose,  giye 
their  attention  to  any  topics  of  science  which  wou)d  otherwise  come 
before  the  Sections;  and  thus  all  the  Sections  may,  for  a  longer  or 
shorter  time,  reunite  themselves  to  hear  and  consider  any  communica- 
tions, or  transact  any  business. 

It  shall  be  a  part  of  the  business  of  these  General  Meetings,  to 
receive  the  Address  of  the  President  of  the  last  Annual  Meetbg,  to 
hear  such  reports  on  scientific  subjects,  as,  from  their  general  impor- 
tance and  interest,  the  Standing  Committee  shall  select;,  also,  to  re- 
ceive from  the  Chairmen  of  the  Sections,  abstracts  of  the  proceedings 
of  their  respective  Sections,  and  to  listen  to  communications  and  lectures 
explanatory  of  new  and  important  discoveries  and  researches  in  science, 
and  new  inventions  and  processes  in  the  arts. 
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OBDEB   OF   FBOCBEDINOS   IK  OBGAlTIZma  A   MEBTIKO. 

Rule  16.  The  Association  shall  be  organized  hj  the  President  of 
the  preceding  Annual  Meeting :  the  question  of  the  most  eligible  dis- 
tribution of  the  Society  into  sections  shall  then  occupy  the  attention  of 
the  Association,  when  a  sufficient  expression  of  opinion  being  pro- 
cured, the  meeting  may  adjourn,  and  the  Standing  Committee  shall 
immediately  proceed  to  diyide  the  Association  into  Sections,  and  to 
allot  to  the  Sections  their  general  places  of  meeting.  The  Sections 
may  then  organize  by  electing  their  officers,  and  proceed  to  transact 
scientific  and  other  business. 

LOCAL   OOMMITTEE. 

Rule  17.  The  Standing  Committee  shall  appoint  a  Local  Committee 
from  among  members  residing  at  or  near  the  place  of  meeting  for  the 
ensuing  year ;  and  it  shall  be  the  duty  of  the  Local  Committee,  assisted 
by  the  officers,  to  make  arrangements  for  the  meeting. 

BUBBGBIPTIOirB. 

Rule  18.  The  amount  of  the  Annual  Subscription  of  each  member 
of  the  Association  shall  be  one  dollar,  which  shall  entitle  him  to  a 
copy  of  the  proceedings  of  each  meeting.  The  Members  attending  an 
Annual  Meeting  shall  pay,  on  registering  their  names,  an  additional 

assessment  of dollars.     These  subscriptions  to  be  received  by 

the  Treasurer  or  Secretary; 

ACCOUNTS. 

Rule  19.  The  accounts  of  the  Association  shall  be  audited  annually, 
by  Auditors  appointed  at  each  meeting. 

ALTEBATI0N8   OF  THE   CONSTITUTION. 

Rule  20.  No  article  of  this  Constitution  shall  be  altered  or  amended, 
without  the  concurrence  of  three-fourths  of  the  members  present,  nor 
unless  notice  of  the  proposed  amendment  or  alteration  shaQ  have  been 
given  at  the  preceding  Annual  Meeting. 
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ADVANCE  \IENT  OF  SCIENCE. 


KoTB.— Names  of  deceased  memben  are  marked  with  an  aiierisk,  (*)i  and  tboee  of  membeis 
who,  IB  1840y  fonned  the  original  "  Atsociation  of  American  Oeologisu,"  are  in  small  capitals. 


Abbott.  Dr.  S.  L.,  Boston. 
Abort,  Col.  J.  J.,  Washinflrton,  D.  C 
Adams,  John  G.,  JQeq.,  Nl  Y. 
Adams.  Prof.  C.  B.,  Amherst,  Mass. 
Adams,  Pentegast,  Esq.,  JefTn  co.,  N.  Y-, 
Adams,  Solomon,  E^,  N.  Y. 
Acassiz,  Prof.  Louis,  Cambridge,  Mass. 
Aiken,  Hon.  Wm.,  Charleston,  S.  C. 
Aiken,  Prof.  W.  E.  A.,  Baltimore. 
Albro,  Rev.  Dr.  J.  A.,  Cambridge,  Mass. 
Alexander,  Prof.  Steph.,  Princeton,  N.  J. 
Alexander,  John  H.,  Esq.,  Baltimore. 
Alexander,  Dr.  R.  C,  Bath,  England. 
Alger,  Frands,  Esq.,  Boston. 
Allston,  R.  F.  W.,  Esq.,  Georgetown,  S.  C. 
Alvord.  Dan.  W.,  Esq.,  Greenfield,  Mass. 
Allen,  Geo.  N.,  Oberlm,  O. 


Allen,  Ira  M.,  Esq.,  New  York. 
Allen,  J.  Burnet,  Esq.,  Springfield,  Mass. 
Allen,  J.  L.,  Esq.,  New  York. 
Allen,  Z.  f^q.,  rrovidence,  R.  I. 
•Ames,  M.  P.,  Esq.,  Springfield,  Mass. 
Anderson,  Dr.  Henrr  J 
Andrews,  Stephen  r.,  Esq.,  New  York. 
Andrews,  Prof.  J.  W.,  Marietta,  Ohio. 
Andrews^r.,  Charlotte,  N.  C. 
Antisell,  Dr.  Thomas,  New  York. 
Anthony,  J.  G.,  Esq,,  Cincinnati,  Ohio. 
Appleton,  Nathan,  Esq.,  Boston. 
Ashmead,  Samuel,  Esq.,  Philadelphia. 

Atkinson,  Mr. ?  Cumberland,  Md. 

Atlee,  Dr.  Washington  L.,  Lancaster,  Pa. 
Ayers,  Wm.  O.,  Esq.,  Boston. 
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Baehe,  Prof.  Alex.  D.,  Washington,  D.  C. 
Bache,  Dr.  Franklin,  Philadelpnia. 
Bachman,  Dr.  John.  Charleston,  S.  C. 
Bacmeister,  H.,  Esq,  Schenectady,  N.  Y. 

Bacon,  Pres. f  Washington,  D.  C. 

Bacon,  Dr.  John,  jr.,  Boston- 
Bagg.  Moses  M.,  CUnton,  N.  Y. 
B3ey,  Prof.  J.  W.,  West  Point,  N.  Y. 
Baird,  Prof.  S.  F.,  Washington,  D.  C. 
Bakeweli,  Robert,  Eaq.,  New  Haven,  Ct, 


Baker,  Eben,  Esq.,  Charlestown,  Maes. 
Barker,  Dr.  Sanford,  Charleston,  S.  C. 
Barnard,  Henry,  New  Haven. 
Barratt,  Dr.  Joseph,  Middletown,  Ct. 
Barbee,  Dr.  W.  T.,  Jackson,  Miss. 
Barber,  Rev.  Isaac  R.,  Worcester,  Mass. 
Barbour,  J.  R.,  Esq.,  Worcester,  Mass. 
Barnes,  Capt  James,  Springfield,  Mass. 
Barratt,  Dr.  J, P.,  Barrattsville,  S.  C. 
Beadle,  Dr.  Edward  L.,  New  York. 
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Beardsley,  Dr.  H.  C,  PainsYille,  O. 
Beck.  Dr.  T.  Romeyn,  Albany,  N.  Y. 
Beck,  Dr.  C.  F.,  Philadelphia. 
Beck,  Prof.  Lewia  C,  N.  Brunswick,  N.  J. 
Belknap,  George,  Esq.,  Boston. 
Belknap,  Henry,  Esq.,  Boston. 
Bell,  Dr.  John,  Philadelphia. 
BeIlineer,JDr.  John,  Charleston,  S.  C. 


Bowditch,  Henry  I.,  M.  D.,  Boston. 
Bowman,  A.  H.,  U.  S.  A.,  Charleston,  S.  C 
Brace,  J.  P.,  Hartford.  Ct 
Bradish,  Hon.  Luther,  New  York. 
Bradley.  Francis  G.,  New  Haven. 
Brainera,  Prof.  Jehu,  Cleveland,  Ohio. 
Braw,  J.  B.,  Esq.,  Hartford,  Conn. 
Breed,  Dr.  Daniel,  New  York. 
Brevoort,  J.  Carson,  Esq.,  Brooklyn,  N.  Y. 
Brewer,  W.  H  ,  Ithlca. 
Bri^rgs,  Charles,  jun.,  Eaa.^  Columbus,  O. 
Brigfl;s,  Chas.  C,  Esq.,  Charlottesville.  Va. 
Breckenridge,  Rby.  Dr.  Robt  T.,  Lexing- 
ton. Ky. 
Brecklessby,  Prof.  John,  Hartford. 
Browne,  Robert  H.i  Esq.,  New  York. 
Browne,  D.  J.,  Esq..  New  York. 
Brown,  Rich  .  Esq..  Sydney,  Cape  Breton. 
Brown,  Dr.  B.  B..  St.  Louis,  Mo. 
Brown,  Peter  A.  Esq ,  Philadelphia. 
Brown,  Andrew,  Eaq^  Natchez.  MLm. 
Brumby,  Prof.  Rich.  T.,  Tuscaloosa,  Ala. 
Brush,  Greo.  J.,  New  Haven. 
Buchanan.  Dr.  Jos.  R.,  Cincinnati.  O. 
Buchanan,  Mr.  R.,  Cincinnati.  Ohio. 
Buckley,  S.  B..  Esq.,  New  York. 
Budd,  Dr.  B.  wTSew  York. 
Bulfinch,  Thomas,  Esq..  Boston. 
Bunce,  John  B.,  New  Haven. 
Bunce,  J.  B.^Esq. 
Burden.  Dr.  T.  L.,  Charleston,  S.  C. 
Burdett,  F.,  Em.,  Boston. 
Burgess,  Rev.  £.,  Ahmednuggur,  India. 
Burnet,  Hon.  Jacob,  Cincinnati,  Ohio. 
Burnett,  Waldo,  J.,  Boston,  Mass. 


Chauvenet,  Prof.  Wm.,  Annapolis,  Md. 
Cheeseborough,  A..  Esq.^pringfld,  Mass. 
Chenoweth,  B.  D.,  Esq.,  Winchester,  Va. 
Chesbrough,  E.  S.,  West  Newton,  Mass. 
Cheves,  Dr.  C.  M..  Charleston,  S.  C. 
Chilton,  Dr.  J.  R.,  New  York. 
Cbickering,  Dr  Jesse.  Boston. 
Christy,  David,  Esq.,  Oxford,  Ohio. 
Clapp,  Dr.  Asahel,  New  Albany,  lad. 
Clay,  Joseph  A.,  Esq.,  Philadelphia. 
Clarke,  Lieut..  F.  M.,  West  Point 
Clarke,  Prof.  W.  W..  Albany. 
Clarke.  Prof  F.  N..  West  Pornt,  N.  Y. 
Clark,  Alvin,  Esq.,  Cambridge. 
Clark,  Joseph,  E^..  Cincinnati. 
Clark,  Maj.  M.  Lewis,  St.  Louis,  Mo. 
Clark,  Wm.  S.,  Esq ,  East  Hampton 
Cleveland,  Prof.  Parker,  Brunswick,  Me. 
Cleveland,  Dr.  A.  B.  Cambrtdige,  Maii. 
Cleaveland,  Dr.  A.  B.,  Dedham,  Mass. 
Clingman,  Hon.  T.  L.,  Asheville,  N.  C. 
Coaklay,  Pro£  Geo.  W.,  St.  James'  CoUegis 

Hagerstown,  Ind. 
Coates,  Dr.  B.  H.,  Philadelphia. 
Coates,  Dr.  Reynell,  Philadelphia. 
Coan,  Rev.  Titus,  Hilo,  Hawaii. 
Coffin,  Prof.  James  H.,  Easion,  Pa. 
Coffin,  Prof.  J.  H.  C,  Washington,  D.  C. 
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C<M|8welI.  Dr.  Mason  F.,  Albany. 
Coben,  Dr.  J.  J .  Baltimore,  Md. 
Coltan,  Oliver,  Esq.,  Salem,  Mass. 
Cole.  Thomas.  Esq..  Salem.  Mass. 
*Coleman,  Rev.  Henry,  BGeton." 
Congdon.  Charles.  Esq.,  New  York. 
Comstock,  J.  L..  Esq..  Hartford.  Ct 
Cooper.  Wm.,  Esq.^ew  York. 
Cooke,  George  H..  &q.,  Troy,  N.  Y. 
Cooke,  Joeiah  P..  Esq.,  Cambridge,  Mass. 
Cotting,.Dr.  B.  E., 1  Georgia. 


CoutbouT.  Joseph  P.,  Esq.,  New  York. 
Cooper,  J.  Hamilton,  Esq.,  Darien,  Ga. 
Cozzens.  Issachar,  Esq.,  N.  Y. 
Craw,  Wm.  X.  Esq  ,  New  Haven. 
Cresson.  J.  C,  Eeq.,  FMladelpfaia. 
Croesley,  Richard,  Esq.,  Boston. 
Culman,  R.,  Bavaria. 
Curtis.  Rev.  M.  A.,  Society  Hill,  8.  C. 
Curtis,  Dr  Joeiah,  Lowell,  Mass. 
Curtis,  L.  W.,  Unionvil]e,S.C. 


Dale,  L.  D.,  Esq.,  New  York. 
Dana,  Rev.  J.  i.,  South  Adams«  Mass. 
Dana,  James  D.,  Esq.,  New  Haven.  Ct 

Daniels,  Dr. ?  Savannah,  Ga. 

Darby,  John,  Esq..  CuUoden,  Va. 
Darracott.G.  6.  Esq.,  Boston. 
Davis.  Dr.  Charles,  Charteston.  S.  C. 
Davis,  James,  Jr.,  Esq.,  Boston. 
Davis,  Ll  C.  H.,  U.  Sf.  N..  Camb'ge,  Mass, 
Day,  Dr.  Jeremiah,  New  Haven. 
Dayton.  A.  O..  Esq..  Washington,  D.  C. 
Deane,  Dr.  James.  Greenfield,  Mass. 
Dearborn,  Wm.  L.,  Eso.,  Rozbury.  Mass. 
Dearborn,  Gen  H.  A.  d.,  Rozbury. 
DeKay,  Dr.  James  E..New  York. 
Delafield,  Joseph.  Esq.,  New  York. 
Delano,  Jos.  C.  Esq.,  New  Bedford,  Mass. 
Dessor,  E.,  Elsq.,  Cambridge,  Mass. 


DeSassure.  H.  A.,  Esq.,  Charleston,  8.  C. 
DeSassure,  Dr.  H.  W..  Charleston.  S.  C. 
Dewey,  Prof.  Chester.  Rochester,  N.  Y. 
Dickerson,  Dr.  M.  W.,  Philadelphia. 
Dickerson,  Samuel  H.,  M.  D.,  New  York. 
Dillaway,  C  K.,  Esq.,  Rozburv. 
DinwidJie,  Robert,  esq..  New  York. 
Diiwell,  Epes  S..  Esq.,  Boston. 
D^Orblgny  Jd.  Aldde,  Paris. 
Dod.  Prof.  Wm.,  Covington,  Ky. 
Douglass,  C.  C ,  Esq.,  Detroit,  Mich. 
*DucateI,  Dr.  J.  T.,  Baltimore,  Md. 
Dutton,  Thos.  R.,  Hartford. 
Dwight,  Timothy,  Esq.,  New  Haven. 
Dwight,  Prof.Theo.  W.,  Hamilton,  College 

Clinton,  N.  Y. 
Dwight,  Jas.  M.  B.,  Esq.,  New  Haven. 
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Eastabrook,  Rev.  Joseph,  E.  Tenn.  Coll., 

Knoxville. 
Eights,  Dr.  James,  Albany,  N.  Y. 
EUsworth,  H.  L.,  Esq.,  Lafayette,  Ind. 
Ellet,  Prof  Wm.  iTNew  York. 
Elwyn,  Dr.  Alfred  L.,  Philadelphia. 
Elliot,  Hon.  Wm.,  Beaufort,  S.  C 
Ely,  Chas.  Arthur,  Esq.,  tUyria,  Ohio 
Emmerson,  George  B.,  Esq.,  Boiston. 
Emmoio,  ProC  Ebenszek,  Albany,  N.  Y 
Emmons,  Ebenezer, Jan.,  Albany,  N.  Y. 
Emory,  Mu.  Wm.  H.,  Washington,  D.  C. 
Engstrom,  A.  B.,  Esq.,  Burlington,  N.  J. 


Engelmann,  Dr.  George,  St  Louis,  Ma 
Erm,  Dr.  Henri,  New  Haven. 
Erwin,  J.  S.,  Marian,  Ala. 
Espy,  James  P.,  Esq.,  Washington,  D.  C 
Eete,  D  K..  Esq.,  New  Haven. 
Eustis,  Prof.  Henry  L.,  Cambridge,  Mass. 
Evans,  Prof.  John,  M.  D.,  Chicago,  111. 
Evans,  Hon.  Alex.,  Elkton,  Md. 
Everett,  Frank,  Em.,  Can^johariei  N,  Y. 
Everett,  Franklin,  Esq.,  Boston. 
Everett,  Pres.  Edw.,  Cambridge,  Mass. 
Ewing,  Thomas,  Lancaster,  Onio. 


Farrington,  Alex.  C,  Esq.,  Newark,  N.  J. 
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Felton,  Frank  Eliot,  Esq.,  Camb'ge,  Mass. 
Felton,  Ptof.  C.  C,  Cambridge. 
Fellon,  John  B.,  Esq.,  Cambridge. 
Felton,  Samuel  M.,  Charlestown,  Mass. 
Feuchtwanger,  Lewis,  Esq.,  New  York. 
Finley,  Pfes.  W.  P.,  Charieston,  S  a 
Fisher,  Thomas,  Esq  ,  Philadelphia. 
Fttch,  Alex.,  Esq.,  Carlisle,  N.  Y. 
Fitch,  Dr.  Asa,  Salem,  N.  Y. 
Flagg,  Lt.  H.  C,  U.  S  N.,  N.  Haven,  Ct 
Foots,  John  P.,  Esq.,  Cincinnati. 
Forbes,  Robert,  Esq..  New  Haven,  Ct 
Foibes,  R  W.,  mTd.,  New  York. 


Force,  Col.  Peter,  Washington. 
Foreman,  Dr.  Edward,  WasfaingUm. 
Forbes,  C.  E-,  Esq.,  Northampton.  Mass. 
Forrest,  Rov.  John,  Charleston,  S.  C 
Foster,  Prof.  John,  Schenectady,  N,  Y. 
Foster,  J.  W.,  Esq.,  Zanesville,  Ohio. 
Foster,  Dr.  Joel,  New  York. 
Fowle,  Wm.  B.,  Esq.,  Boston. 
Fowler,  ProCW.O^ 
Eraser,  Ph»f.  John  F.,  Phil«delphia. 
Fremont,  Col.  J  C,  Calitomia. 
French,  Beni.  F.,  Esq..  Philadelphia. 
Frick,  Dr.  George,  Baltimore,  Md. 
Frost,  Pro£  H.  K.,  Charleston,  S.  G. 


Digitized  by 


Google 


JtVl 


MSMBtftS  OF  THE   ASfiOdATlOK. 


Gaillard,  Dr.  P.  C,  Charleston,  S.  C. 
Gardin,  Benj.,  Charleston,  S.  C. 
Garland,  Prof.  L.  C,  Tuscaloosa,  Ala, 
Gavit,  John  E.,  Esq.,  Albany,  N.  Y. 
•Gav,  Dr.  Martin,  Boston. 
Gebnard,  John,  Esq.,  Scoharie,  N.  Y. 
Gebhard,  John,  jun.,  Albany,  N.  Y. 
Geddings,  Prof.  E.,  Charleston,  S.  C 
Grerraain,  Prof.  Lewis  J.,  Burlington,  N.  J. 
Gerolt,  Baron  A.  Von,  Washington,  D.  C 
Gibbs,  Josiah  W.,  New  Haven. 
Gibbs,  Dr.  Walcolt,  New  York. 
Gibbs,  George,  Esq,  New  York. 
Gibbes,  ProfL.  R.,  Charleston,  S.  C. 
Gibbes,  Dr.  Robert  W.,  Columbia,  S.  C. 
Gibbon,  Dr.  J.  H.,  Charlotte,  N.  C. 
Gibbons,  Dr.  Henrv,  Philadelphia 
•Gilmor,  Robert,  Esq.,  Baltimore,  Md. 
Gillb,  Lieut,  J.  M.,  Washington,  D.  C. 
Gl3mn,  Comm.  James,  U.  S.  N.,  N.  Haven. 
Girard,  Charles,  Esq.,  Washington 
Goddard,  Dr.  P.  B.,  Philadelphia. 
Gold,  Theodore  S.,  West  Cornwall,  Con. 


Goldmark,  Dr.,  Vienna. 
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Gould,  B.  A.,  Esq.,  Boston. 
Gould,  Dr.  B.  A.,jun.,  Cambridse. 
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Gourdin,  Robert  N.,  Esq.,  Charleston,  S.  C 
Graham,  George,  Esq ,  Cincinnati. 
Graham,  Col.  Jas.  D.,  Washington,  D.  C 
Grosvenor,  H.  C,  Eiso.,  Cincinnati. 
Gray,  Prof.  Asa,  Cambridge,  Mass. 
Gray,  Rev.  Alonzo,  Brooklyn,  N.  Y. 
Green,  James,  Esq^  New  York, 
(ireen.  Dr.  Traill,  Easton,  Pa. 
Green,  A.  Thos.,  Eajj.,  N.  Bedford,  Mass. 
Greene,  Dr.  Benjamin  D.,  Boston. 
Green,  S  D.,  Esq.,  Boston. 
Green,  Dr.  B.  F.,  Chestertown,  Md. 
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Guyot,  Prof  A.,  Carabri'ige,  Mass. 
Guy,  Dr.  S.  S.,  Brooklyn,  N.  Y. 
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Hackley,  Prof.  Chas.  W.,  New  York. 
Hall,  Prof  James,  Albany,  N.  Y. 
Halleck,  Lieut.  H.  W.,  U.  S.  Eng.  Corps, 

San  Francisco,  Cal. 
Haldeman,  Prof  S.  S.,  Columbia,  Pa. 
•Hale,  Dr.  Enoch,  Boston. 
Hall,  Edward,  Esq.,  San  Francisco,  Col. 
•Hall,  Dr.  Frederick.  Washington,  D.  C. 
Hall,  Rev  Wm.,  Mobile,  Ala. 
Hamilton.  Dr.,  Mobile,  Ala. 
Hammond,  Ogden,  Esq.,  Charleston,  S.  C. 
Harris,  Chas.  T.,  Esq.,  N.  Y. 
Haven,  Simon  Z.,  Esq .,  Utica,  N.  Y. 
•Hayden,  Dr.  H.  H.,  Baltimore,  Md. 

Hardy,  Dr. ?  Asheville,  N.  C. 

Hare,  Dr.  Robert,  Philadelphia. 
Harvey,  Hon.  Mattew,  Hopkinton,  N.  H. 
Harvey,  Prof.  Wm.  H.,  Trinity  College, 

Dublin. 
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Hartley,  M.  b.,  Esq..  Montreal,  Can. 
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Harris,  C.  Townsend,  Esq.,  New  York. 
Harris,  Dr.  Thad.  W.,  Cambridge,  Mass. 
Haupt,  H.,  Esq.,  Harrisburg,  Pa. 
Hawkesworih,  Prof.  W.,  Charleston,  S.  C 
Hay,  Dr.  George,  Barnwell,  '6.  C. 
Hayden,  C.  B.,  Esq.,  Smiihlield,  Va. 
Hays,  Dr.  Isaac,  Philadelphia 
Hayes,  John  L.,  Esq.,  Portamonth.  N  H. 
Hayes,  Aug.  A.,  Esq.,  Lawrence,  Mass. 

Haynesworth,  Dr. ?  Sumpterville,  S.  C. 

Hayward,  James,  Elsq.,  Boston. 
Henry,  Prof.  Joseph,  Washington,  D.  C. 
Herrick,  Ed.  C,  Esq,  New^aven,  Ct. 
Henderson,  A.  A.,  £iiq.,  Philadelphia. 


fforlbeck.  Dr.  E.,  Charleston,  S.  C. 

♦HoRTON,  Dr.  Wm.,  Craigville,  Orange 
county.  New  York, 

Hickok,  Dr.  Wm.  C,  New  York. 

Hildreth,  Dr.  S.  M.  P.,  Marietta,  Ohio. 

Hilgard,  Julius  E.,  Esq.,  U.  S.  Coast  Sur- 
vey. 

Hill,  Rev.  Thomas,  Waltham,  Mass. 

Hillhouse,  William,  Em  ,  New  Haven. 

Hillard,  Geo.  S.,  Esq.,  Boston. 

Hincks,  Rev.  Wm.,  London. 

Hirzel,  H.  Lausanna,  Switzerland. 

Hiacox,  Gardener  D.,  New  York. 

Hitchcock,  Pres.  Edw.,  Amherst,  Mass. 

Hitchcock,  Edw.,  Jan.,  Amherst. 

Hodge,  Jas.  T.,  Fisq.,  Stockbridge,  Mass. 

Holbrook,  Dr.  John  E..  Charleston,  S.  C. 

Holmes,  F.  S.,  Esq.,  Charleston,  S.  C 

Holyoke,  F.  E.,  Esq.,  Cambridco. 

Hopkins,  Wm.,  Esq.,  Auburn,  N.  Y. 

Hopkins,  Prof  Alb.,  Williamstown,  Mass. 

Horsford,  Prof.  E.  N.,  Cambridge.  Mass. 

Hough,  Dr.  Franklin  B  ,  Somervifle,  N.  Y. 

•Houghton,  Dr.  Douglass,  Detroit,  Mich. 

Howe,  Dr.  S.  G.,  Boston. 

Hubbard,  Bella,  E^.,  Detroit,  Mich. 

Hubbard,  Prof  Oliver  P.,  Hanover,  N.  H. 

Hubbard,  Prof  J.  S.,  Washington,  D.  C. 

Hume,  Dr.  W..  Charieston,  S.  C 

Humphreys,  Kev.  Dr.  Hector,  Annapo- 
lis,  Md. 

Hun,  Dr.  Thos.,  Albany,  N.  Y. 

Hunt,  Thomas  S.,  Esq^  Montreal,  Cao. 

Hunt,  Li  E.  B ,  U.  S.  Eng.,  Washington. 

Hunton,  Dr.  Ariel,  Hyde  Park,  Md. 
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Ingalls,  Dr.  Thoa.  R.,  Greenwich,  Wash- 1  Ives,  Dr.  Eli,  New  Haven, 
ington  county,  N.  i .  I  Ives,  Dr.  Nathan  B.,  New  Haven, 


Jackson,  Dr.  Charixs  T.,  Boston. 
Jackson,  Dr.  J.  B.  S.,  Boston. 
Jackson,  Dr.  R.  M.  S.,  Alexandria,  Pa. 
Jackson,  Dr.  SamueL  rhiladelpMa. 
James,  U.  P.  JEsq .,  Cincinnati. 
Jamison,  D.  F^  Esq.,  Oraneeburg,  S.  C 
Jay,  Dr.  John  C,  New  York. 
Jaime,  J.  W.,  E3sq.,  Cincinnati. 
Jeffere,  W.  V.,  U.  S.  N.,  Bridgeton,  N.  J. 
Jenks,  W.  P.,  Esq^,  Middleboro'  Mass. 
Jenner,  Solomon,  Esq.,  N.  Y. 
Jennings,  N.  R.,  Esq.,  New  Orleans. 
Jervey,  Dr.  J.  P.,  Charleston,  S.  C. 


Jewett,  C.  C,  Esq.,  Washington,  D.  C. 
John,  Samuel  F.,  Esq.,  Camhridge. 
Johnson,  James,  Esq.jCharleston,  S.  C. 
Johnson,  Dr.  Joseph,  Charleston,  S,  C. 

Johnson,  Lieut, ?  Washita,  Texas. 

Johnson,  S.  W.,  Bisq.,  Deer  River,  Lewis 

county,  N.  Y. 
Johnson,  Prof.  W.  R.,  Washington,  D.  C. 
Johnston,  Prof.  John,  Middletown,  Ct 
Jones,  Kdward,  Esq^^ Charleston,  S.  C. 
Jones,  ThoB.  P.,  M.  D.,  Stockbridge,  Mass. 
Jones,  Dr.  Wm.  Ij.,  Athens,  Ga. 
Judd,  Orange,  EJsq.,  New  Haven. 


K 


Kain,  Dr.  John  H ,  New  Haven,  Ct. 
Keeley,  Prof.  G.  W.,  Waterville,  Me. 
Keith,  ProJ.  Keuel,  Washington,  D.  C. 
Kendall,  £.  Otis,  Esq.,  Philadelphia. 
Kendrick,  Mw,  H.  L.,  West  Point,  N.  Y. 
Kenny,  Wm.  B.,  Esq.,  Newark,  N.  J. 
Kellog,  Orson,  Esq.,  New  York. 
KeUer,  Dr.  Wm.,  Philadelphia,  Pa. 
Kempton,  John,  Esq  ..New  York. 
Kendall,  E.  Dwight^  Esq.,  Camb'ge,  Mass. 


King,  Dr.  Alfred  T.,  Greensburg,  Pa. 

King,  Dr.  Henrv,  St.  Louis,  Mo. 

King,  Hon.  Mitchell,  Charleston,  S.  C. 

KirUand,  Dr.  J  P.,  Cleveland,  O. 

Kite,  Thos.,  Cincinnati. 

Klipstein,  Dr.  Louis  F.,  St.  James,  San  tee, 

S.C. 
Kneeland,  Dr.  Samuel,  jun.,  Boston. 
Kurtz,  Lieut.  U.  S.  A. 


Lamb,  James,  Esq.,  Charleston,  S.  C. 

Lane, f  Esq.,  Milledgeville,  Ga 

Lancdon,  Prof.  W.  C,  Washington,  D.  C. 
Lapham,  incr'se  A.,  Esq.,  Milwaukie,  Wis. 
Lasel,  Prof.  Edw.,  Wiluamstown,  Mass. 
Lawrence,  Hon.  Amos,  Boston. 
Lawrence,  Dr.  Wm.,  Boston. 
Lawrence,  Amos,  A.,  Esq..  Boston. 
Lea,  Isaac,  Esq.,  Philadelpnia. 
Leavenworth,  Dr.  M.  C,  Watterberry,  Ct. 
Le  Conte,  Dr.  John  L.,  New  York. 
Le  Conte,  Mai.  John,  New  York. 
Leconte,  Dr.  Joseph,  Macon,  Georgia. 
Leconte,  Prof.  John,  Athens^  Geo. 
*Lederer,  Baron  Von,  Washington,  D.  C 
Lee,  Cant.  T.  F.,  Washington,  D.  C. 
Lee,  John  C,  Esq.,  Salem,  Mass. 
Lee,  Dr.  Charles  A  ,  New  York. 
Leffingwell,  Prof.  E.  H.,  Columbia,  Mo. 
Leonard  Dr.  Fred.  B.  Washington,  N.  Y. 


Lesesne,  Henry  D.,  Esq.,  Charleston,  S.  C 
Lesley,  J.  P.,  Esq.,  Milton,  Mass. 
Lesley,  Rev.  Pet«r,  jun  ,  Boston. 
Lettsom,  W.  J.,  Esq.,  Washington,  D.  C. 
Lewis,  Robert  C.,  Esq.,  Shelbyville,  Ky. 
Lieber,  Dr.  Francis,  Columbia,  S.C. 
Linck,  Dr  Christian,  Philadelphia. 
Lindaley,  Dr.  J.  B.,  Nashville,  Tenn- 
Lindsley,  Rev.  James  H.,  Staflbrd,  Ct. 
Linklean,  Ledy'rd,  Esq.,  Cazenovia,  N.  Y. 
Lischka,  EmHe,  Esq ,  Washington,  D.  C. 
Livermore,  Rev.  A.  A.,  Cincinnati. 
Lippitt,  Prof.  E.  S.,  Cincinnati. 
Locke,  Dr.  L.  T.,  Nashua,  N.  H. 
Logan,  Wm.  E.,  Eso.,  Montreal,  Can. 
Loomis,  Prof.  Elias,  New  York. 
Levering,  Prof.  Jos.,  Cambridge,  Mass. 
Lynch,  Rev.  Dr.,  Cbarlestown,  Mass. 
Lyell,  Sir  Charles,  London. 
Lyman,  Chester  S.,  E^.,  New  Haven. 
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M'Conihe,  Hon,  Isaac,  Troy,  N.  Y. 
M'Naughton,  Dr.  Jas.  T.,  Albany. 
Maclean,  Prof.  Gea  M.,  New  Albany,  la. 
MacWhorter,  Alex.,  Esq.,  New  Haven. 
Maffit,  Lieut.  J.  N.,  U.  S.  N. 

Malone, ?  Esq^  Athens,  Ga. 

Maoigault,  Edw.,  Esq.,  Charleston,  S.  C. 


Mansfield,  E.  D.,  Cincinnati. 

March,  Dr.  AJden,  Albany. 

Marsh,  Dexter,  Esq-,  Greenfield,  Mass. 

Marshall,  Prof.  Charlea,  Indiana. 

Markoe,  Francis,  jun.,  Esq.,  Washington 

Mason,  Prof.  Cyrus,  New  York. 

Mason,  Owen,  Esq.,  Providence,  R.  I. 
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Matthews,  Profl  T.  J.,  Oxford,  Ohio. 
Matthtsws,  Gov.  Jos.  W.,  Jackson,  Miss. 
Mather,  Wm.  W.,  Esq.,  Columbus,  O. 
Maury,  Lieut  M.  F ,  Washington,  D.  C 
Mauran,  Dr.  J.,  Providence,  H.  I. 
Maverick,  Augustus,  Eisq.,Few  York. 
Mantell,  Reginold  Neville,  Esq.,  London, 

England. 
McCulloch,  Prof.  R.  S.,  Princeton,  N.  J. 
McEuen,  Dr.  Thomas,  Philadelphicu 
McKiNLET,  Alexander.  Philadelphia. 
McMurtrie,  Dr.  H.,  Philadelphia. 
McRae,  John,  Eaa.^  Charleston,  S.  C. 
McKay,  Prof.  C.  F.,  Athens,  Ga. 
Means,  Prof  A.,  Oxford,  Ga. 
Medbury,  E.  Esq.,  Columbus,  Ohio. 
Meies,  H.  Esq.,  New  York. 
MelSieimer,  Dr.  F.  E.,  Dover,  York  co., 

Pa. 
Merrick,  F.,  Esq.,  Athens,  Ohio. 
Merrick,  Prof.  FV  Delaware,  Ohio. 
Merrick,  S-  V.,  Esq.,  Philadelphia. 
Metcalf,  Dr.  S.  L.,  Kentucky. 


Michel,  Dr.  M.,  Charleston,  S.  C. 
Michelotti,  M. J, Turin, Piedmont, Italy. 
Mighels,  Dr.  J.  W.,  Cincinnati. 
Miles,  Dr.  F.  T.,  Charleston,  S.  C. 
Millington,  Prof.  John,  Oxford,  Miss. 
MiUer,  H.  B.,  Esq.,  New  York. 
Mitchell,  Hon.  Wm.,  Nantucket. 
Mitchell,  Dr.  J.  K.,  Philadelphia. 
Mitchell,  Prof.  O.  M  ,  Cincinnati. 
Mitchel,  Prof.  E.,  Chapel  Hill,  N.C. 
Mitchell,  Maria,  Nantucket. 
Monson,  Dr.  Alfred  S..  New  Haven. 
Moody,  L.  A.,  flsq.,  Chicopee,  Mass. 
Morris,  Margaretta  H.,  Germantown,  Pa. 
Morris,  Rev.  John  G.,  Baltimore,  Mdl 
Morris,  O.  W^  Esq.  New  York. 
Morris,  Rev.  R.,  Jackson,  Miss. 
Morton.  Dr.  S.  G.,  Philadelphia. 
Moss,  Theodore  F.,  E^ ,  Philadelphia. 
Mutter,  Dr.  Thomas  D.,  Philadelphia. 
Moultrie,  Dr  J.,  Charleston,  S.  C. 
Moultrie,  Dr.  Wm.  L.,  Charleston,  S  C. 
Muzzy,  John,  Esq.,  Portland,  Me. 
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Newberry,  Dr.  John  S.,  Geveland,  Ohio. 

Newman,  Dr. ?  Huntsville,  Ala. 

Newton,  Rev.  E.  H.,  Cambridge,  N.  Y. 
•Nicollet,  J.  N.,  Esq.,  Washington,  D.  C. 
Nichols,  Dr.  Andrew,  Danvers,  Mass. 


Nichols,  Prof. f  Schenectady,  N.  Y. 

Norwood,  Dr.  J.  G.,  New  Harmony,  Ind. 
Norton,  Prof.  J.  P.,  New  Haven. 
Nott,  Dr.  J.  C,  Mobile,  Ala. 
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•Olmsted,  Denison, Jun.,  Esq  ,  N.  Haven. 
Olney,  Stephen  P.,  Esq.,  Providence,  R.  I. 
Ordway,  John  M.,  £^.,  Roxbury,  Mass. 
Osbom,  A.,  Esq.,  Albany,  N.  Y. 
Osborne,  E.  Esq.,  Sandusky,  Ohio. 
Owen,  Hon.  Rob.  D.,  N.  Harmony,  Ind. 
Owen,  Dr.  David,  D.,  N.  Harmony,  Ind. 
Owen,  Prof.  Richard,  N.  Harmony,  Ind. 


Pagw,  Dr.  Chas.  G.,  Washington. 
Parker,  Charles,  Esq.,  Charleston,  S.  C 
Parker,  Sam4  J.,  Esq.,  Ithica,  N.  Y. 
Parkman,  Dr.  Samuel,  Boston. 
Parsons,  Theophilus,  Esq.,  Cambridge. 
Park,  Rev.  Roewell  C  ,  Norwich,  Ct 
Palmer,  Aaron  A.,  Esq ,  N.  Y. 
Peale,  Titian  R.,  Esq.,  Washinfllon,  D.  C. 
Peabody,  Francis,  Esq.,  Salem,  Mass. 
Pearson,  Prof.  Jona,  Schenectady,  N.  Y. 
Peirce,  rrof.  Benjamin,  Cambridge,  Mass. 
Pendergast,  John  G.,  Smithville,  Jefferson 
county,  N.  Y. 

Pendleton,  Dr. f  Sparta,  Ga. 

Percival,  Dr.  J.  G.,  New  Haven,  Ct 
Perrjr,  Cora.  Mattew  C ,  New  York. 
Perkins,  Rev  Justin,  Oroomiah,  Persia. 
Perkins,  Dr.  H.  C«  Newburyport,  Mass. 
Perkins,  Prof.  G.  R.,  Albany,  N.  Y. 
Phelps,  D.  Ed.  B.,  Windsor,  Vt 


Pickerinff,  Dr.  Charles,  Boston. 
Pitcher,  Dr.  Zina,  Detroit,  Mich. 
Plant,  L  C,  Esq.,  Macon,  Ga. 
Porcher,  Prof.  F.  A.,  Charleston,  S.  C. 
Porcher,  Dr.  Francis,  P.,  Charleston,  S.  C. 
Porter,  Prof.  Tbos.  C,  Mercersburgh,  Pa. 
Porter,  B.  F.,  Esq.,  Charleston,  S.  C. 
Porter,  Prof.  John  A.,  Cambridge,  Mass. 
Porter,  Prof.  Noah,  New  Haven. 
Powers,  A.  E.,  Esq.,  Lansingburg,  N.  Y. 
Poulson,  Chas,  A.,  Esn.,  Philadelphia. 
Pourtalcs,  Ch.  F.  de,  Washington,  D.  C. 
PrenUce,  E.  P^Esq.,  Albany,  N.  Y. 
Prioleau,  Dr.  Thomas,  Chaneston,  S.  C. 
Probasco,  Henry,  BJeq.,  Cincinnati. 
Pruyn,  J.  V.  L.,  Esq^  Albany.  N.  Y. 
Prescott,  Dr.  Wm.,  Concord,  N.  H. 
Purcell,  Rt  Rev.  Bishop,  Cincinnati 
Putnam,  Allen,  Esq.,  Boston. 
Pynchon,  T.  R.,  Esq.,  Stockbridge,  Mass. 
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RflineT,  Thomas,  Cincinnati,  Ohio. 
Randall,  S.  S.,  Esq.,  Albany,  N.  Y. 
Rayenel,  Dr.  Edmond,  Charleston,  3.  C. 
Rarenel,  Dr.  St.  Julien,  Charleston,  S.  C. 
RaTenel,  H.,  Esq.,  Charleston,  S.  C. 
RaTenel,  Dr.  Henr^,  Charleston,  S.  C. 
Ray,  Dr.  Jos.,  Cincinnati. 
Raymond,  Dr.  Chas.  H.,  Cincinnati 
Redfield,  Wm.  C,  Esq.,  New  York. 
Redfield,  John  H.,  Esq,  New  York. 
RMd,  Dr.  Stephen,  Pittsfield,  Mass. 
Rehfus,  Lewis,  E^.,  Cincinnati. 
Reid,  Dr.  W.  wTfiochester,  N.  Y. 
Renwick,  Prof.  James,  New  York. 
Rice,  Rev.  N.  L.,  Cincinnati. 
Riddell,  Dr.  John  L.,  New  Orleans. 

Riell,  Lieut. ?  U.  S.  N.     • 

Rhett,  James,  Esq.,  Charleston,  S.  C. 
Robb,  Prof.  Jas.,  M.  D.,  Fredericton,  N.  B 
Roberts,  W.  Milnor,  Marion,  Ohio. 


Roberts,  Solomon  W.,  Esq.,  Philadelphia. 
Roberts,  Akemon  S.,  Esq..  Philadelphia. 
Robertson,  Dr.  F.  M.,  Charleston. 
Robinson,  J.  R.,  Esq.,  Mansfield,  Ohio. 
Robinson^Prof.  H.  N.,  CincinnatL 
Roemer,  Dr.  Frederick,  Berlin,  Pmsia. 
Rogers,  Pro£  W.  B.,  CharlottosTille,  Va. 
Rogers,  Prof.  Robt.  £.  Charlottesville,  Va. 
RoMRS,  Prof.  H£KET  D.,  Bostoo,  MasSb 
Rogers,  Prof.  James  B.,  Philadelphia. 
Rogers,  Prof,  a  T.,  Chestertown,  Md. 
Roo^  Pro£  O.,  Hamilton  C<^ege,  Clinton, 

Ruffin,  Edwd.,  Esq.,  Petersbuie  Va. 

RugKles,  Lieut ?  Detroit,  Michigan. 

Runkle,  J.  D..  Esq.,  Carlisle,  N.  Y. 
Russell  Rev.  John  L.,  Hingham,  Mass. 
Ruschenberger,  Dr.  W.  ST  W.,  Philadel- 
phia. 
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Sdiaburr,  ProC  Ed.  E.,  New  Haven. 
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Tenn. 
.C. 

Pa. 
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Shtpard,  Verkins,  fsq.,  Providence,  R.  L 
Shepard,  Prof.,  C.  U.,  New  Haven. 
Shepard,  Rev.  G.  C,  Boston,  Mass. 
Sherman,  Pro£  — ?  Howard  Coll.,  Ala. 
Sherwin,  Thos.,  Esq.,  Boston. 
Short,  Dr.  Charles,  Louisville,  Ky. 
Shurtleff,  Dr.  N.  B.,  Boston. 
Silliraan,  Prof.  Benjamin,  New  Haven. 
Silliman,  Prof.  Benjamin  Jr.,  New  Haven. 
Sismonda,  Dr.  Eugene,  Turin,  Fiedmont, 

Italy. 
Slack,  Dr.  Eliiah,  Cincinnati 
Smith,  J.  v.,  Esq.,  CincinnatL 
Smith,  ProL  Hamilton  L.,  Cleveland,  0. 


Smith,  Peter,  M.  D.,  Nashville,  Tenn. 
Smith,  Prof.  A.  W.,  Middletown,  Ct 
Smith,  Erastus,  Elsq.,  Hartford,  Conn. 
Smith,  Dr.  J.  V.  C,  Boston. 
Smith.  J.  Lawrence,  Esq.,  Constantinople, 

Turkey. 
Smith,  Oliver,  Eso.,  New  York. 
Snell,  Prof.  Eben  S.,  Amherst,  Mass. 
Sommers,  Rev.  Dr.,  Charleston,  S.  C. 
Sowell,  Dr.  J.  F.,  Athensu  Ga. 
Sparks,  Pres.  Jared,  Camoridge,  Mass. 
Spear,  Chas.  V.,  Pittsfield,  Mass. 
Spooner,  Eklward  A.,  Plymoth,  Mass. 
Spillman,  Dr.  Wm.,  Columbus,  Ohio. 
Spinner,  Fronds,  E..  Esq.,  Herkimer,  N.  Y. 
Squier,  E.  G..  Esq,  New  York. 
St.  John.  Prof.  SamueL  Hudson,  O. 
Stadmuller,  Ludwig,  Bristol.  Conn. 
Steams,  Prof.  £.  J.,  Annapolis,  Md. 
Stebbins,  Rev.  Rufiis  P.,  Meadville,  Pa. 
Stebbins,  Dr.  Richard,  Springfield,  Mass. 
Stephens,  A.  H.,  Esq.,  New  York. 
Stetson,  Charles,  CincinnatL 
Stimpson,  Wm.,  E^.,  Cambridge,  ] 
Stone,  L.,  £^.,  Cleveland,  O. 
Stone,  ('has.  S.,  Trenton,  N.  J. 
Storer,  Dr.  D.  H.,  Boston. 
Stoddard,  Prof,  J.  W.,  Oxford,  O. 
Stodder,  Chas.,  Esq.,  Boston. 
Strong,  Dr.  Woodbriidge,  Boston. 
Sumner,  Chas.,  Esq.,  Boston. 
Swift,  Dr.  Wm.,  U.  S.  N..  New  York. 
Swift,  Dr.  Paul,  Philadelphia. 
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Talmadge.  Hon.  James,  New  York. 
Tappan,  Hon.  Beiv.,  Steubenville,  O. 
Taylor,  Dr.  JuKns  a,  Carrohon,   Mont- 
gomery CO.,  O. 
Taylor,  Richird  C,  Esq.,  Philadelphia. 


TsUkampf,  Theodore  A.,  Esq.,  N.  Y. 
Techermakst,  E.  D.,  Schenectady,  N.  Y. 
Techmacher,  J.  E.,  Esq.,  Boston. 
Thayer,  Solomon,  Esq.,  Lubec,  Ms. 
Thayer,  Henry  W.,  Esq ,  Boston,  Mats 
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Thompson,  Hon.  Waddy,  Greenville,  S.  C. 
Thompson,  Rev.  Z.,  Burlington,  Vt 
Thompson,  John  E^gar,  EiSq.,  HarriBbur^. 

Thompson,  Dr. T  Aurora,  N.  Y. 

Thompson,  Aaron  R.,  New  York. 
Thurber,  George,  Elsq.,  Providence,  R.  I. 
Tiffany,  Prof.  O.  H.,  CariUle,  Pa. 
Tinjjley,  Prof.  Jos.,  GreencasUe,  Ind. 
Torrey,  Prot.  Joseph,  Burlington,  Vt. 
Tot  ten,  Rev.  Silas,  Hartford,  Conn. 
•Townsend.  Jno.  K.,  El©q.,  Philadelphia. 
Townsend,  Hon.  Franklin,  Albany. 

Townsend,  Dr. ?  John's  Island,  S.  C. 

Treadwell,  Prof.  J.,  Cambridge,  Mass. 


Treadwell,  Daniel,  Cambridge. 
Trego,  Chas.  B.,  Esq.,  Philadelphia. 
Trenhoim,  G^eo.  A..  Esq.,  Charleston,  S.C. 
•Troost,  Dr.  Geraro,  Nashville,  Tenn. 
Troost,  Lewis,  Eso.,  Nashville,  Tenn. 
Torrey,  Dr.  John,  New  York. 
Toiten,  Col.  J.  G.,  Washington.  D.  C. 
Trumbull,  Jas.  H^  E^.,  Stonnin|rton,  Ct. 
Tucker,  George,  Eso.,  Philadelphia. 
Tuckerman,  Edward,  Eaq.^  Boston. 
Tuomey,  Prot.  M.,  Tuscaloosa,  Ahu 
Turner,  Rev.  W.  W.,  Hartford,  Conn. 
♦Tyler,   Rev.  Edward  R.,   New  Haven 
Conn. 


Vanclevc.,  John  W.,  Dayton,  Ohio. 
Van  Lennep,  Rev.  H.,  Constantinople. 
♦Vanuxem,  Lardner,  Esq.,  Bristol,  Pa. 
Vaux,  Wm.  S.  S^.,  Esq.,  Philadelphia. 


Vanghan,  Daniel,  Esq.,  Newtown,  Scott 

county,  IJy. 
Venable,  Prof.  Chas.,  Virginia. 


w 


Wadsworth,  John  S.,  Esq.,  Genesee,  N.  Y. 
Wailes,  Col.  B.  L.  C,  Washington,  Miss. 
Walker,  Scars  C,  Esq.,  Washington,  D.  C. 
Walker,  Hon.  Timothy,  Cincinnati. 
Wallace,  Rev.  C,  Charleston.  S-  C. 
"Ward,  James  W.,  E^.,  Cincinnati. 
Ward,  Dr.  Mattew  A.,  Athens,  Ga. 
Warder,  Dr.  J.  A  ,  Cincinnati. 
Warren,  J.  Mason,  Boston,  Mass. 
Warriner,   Prof,  Justin,  B.,  Burlington, 

Warren,  Dr.  John  C,  Boston.  Mass. 
Weaver,  G.  S.,  Esq.,  Cambridgeport,N.  Y. 
Webber  Dr.  Samuel,  Charlestown,  N.  H. 
•Webster,  M.  H.,  Esq.,  Albany,  N,  Y. 
♦Webster,  Dr.  J.  W.,  Cambridge,  Mass. 
•Webster,  H.  B.,  Esol,  Albany,  N.  Y. 
Wedderbum.  A.  J.,  Esq,  New  Orleans. 
Wells,  David  A.,  Springfield,  Mass. 
Wells,  Samuel,  Esq.,  Northampton,  Mass. 
Wells,  Dr.  Thomas,  New  Haven. 
Weld,  Henry  Thomas,  jr.,  Esq.,  Mount 

Savage  Works.  Md, 
Weld,  Mason  C,  New  Haven. 
West,  Charles  E.  Esq.,  N.  Y. 
Wcthetrill,  Prof.  L.,  Lagrange,  Ky. 
Wetherill,  Prof  Leander,  Rochester,  N.  Y. 
Wetherill,  John  P.,  Esq.,  Philadelphia. 
WetherUl,  Dr.  Chas.  M.,  Phila. 
Whelply,  W.  J.  D..  Esq.,  New  York  City. 
Wheatley,  Chas.  M.,  Esq.,  New  York. 
Wheatland,  Dr.  Henry,  Salem,  Maf*s. 
Whipple,  Milton  D.,  Esq.,  Lowell,  Mass. 
While,  E.  B.,  Esq.,  Charleston,  S.  C. 

Whitridge,  Dr. 1  Charleston,  S.  C. 

White,  Rev.  George,  Marietta,  Ga. 
Whittich, r  ESq.,  Pennfield,  Ga. 


Whittlesey,  Charles,  Columbus,  O. 
Whitney,  Asa.,  ilsq.,  Philadelphia. 
Whitney,  Eli,  Esq.,  New  Haven. 
Whitoey  J.  D.  Esq.,  Northampton,  Mass. 
Whitman,  Wm.  E.,  Esq.,  Pliiladelphia. 
Whittemore,  Thos.  J.,  Esq.,  Cambridge. 
Whiting,  Col.  H^  Detroit,  Michigan . 
Wilcox,  lister,  Esq.,  Canajoharie,  N.  Y. 
Wilder,  Henry,  Eisq.,  Lancaster,  Maw. 
Wilder,  L.,  Esq.,  Hoosick  Falls,  N.  Y. 
Williams,  Moses  B.,  Esq.,  Boston. 
Wilkes,  Com.  Chas.,  U.  S.  N„  Washing- 

ton,  D.  C. 
Wightman,  Rev.  Dr.,  Charleston,  8.  C. 
WiUiman,  Dr.  A.  B.,  Charleston,  8.  C. 
Wilsont  Prof.  Jas.  R.,  Hampden  Sydney, 

Va. 
Wilson,  Rev.  Wm..  Cincinnati. 
Wilson,  Dr.  Samuel,  Charleston.  S.  C. 
Winchell,  Alex.,  Esq.,  Kutaw,  Ala. 
Wing,  Matthew,  Esq.,  Albany. 
Wing,  Dr.  Joel,  Albany. 
Winlock,  Prof  James,  Shelby  College  JCy. 
Winslow,  Rev.  G.,  Staten  Island,  N.  Y . 
Wolf,  Dr.  Elias,  New  York. 
Woodhull,  Lieut.  Maxwell,  U.  S.  N. 
Woolsey,  Prof.  Theodore  D.,  New  Haven. 
Worcester,  Dr.  Jos.  E..  Cambridge,  Mass. 
Worther,  A.  H.,  Esq.,  Warsaw,  111. 
Woodbury,  Hon.  L.,  Portsmouth,  N.  H. 
Wragg,  Dr.  W.,  Charleston,  S.  C. 
•Wnght,  Dr.  John,  Troy,  N.  Y. 
Wright,  A.  D.,  Esq.,  Brooklyn.  N.  Y. 
Wright,  Chas.  W.,  Esq.,  Cincinnati. 
Wurtz,  Jacob  A.  Esq.,  New  York. 
Wyman,  Dr.  Jeffries,  Cambridge. 
Wyraan,  Dr.  Morrill,  Cambridge. 


Y&  Z 


Yandell,  Prof.  L.  P.  Louisville,  Ky. 
Yates,  Giles  F.,  Esq.,  Albany,  N.Y. 
Yeadon,  Richard,  Esq.,  Charleaton,  S.  C. 


I  Young,  Prof,  Ira,  Hanover,  N.  H. 
Young,  Wm.  L.,  Eisq.,  Vicksbur^,  Miss. 
Ziramermann,  C ,  Esq.,  Columbia,  8.  C. 


Digitized  by 


Google 


TABLE  OF  CONTENTS. 


Page. 
Officers  of  Um  AMoeiatkMi,  .....  iU 

Objects  and  R  alee  of  the  AsfociatioD,      •  •  .  .  U 

List  of  Membersi  ••....         ziii 

First  Day,  Monday,  May  5,  1851. 

1.  On  the  Law  of  the  Deposit  of  the  Flood*tide.    By  Lieut  C^aalis  H. 

Datis,     .......  3 

2.  On  the  Axoic  Syslem,  as  Dereloped  in  the  Lalce  Superior  Land  Dis- 

trict.   By  J.  W.  Foster  and  J.  D.  Whitney,      .  .  .  4 

3.  On  the  Limits  of  the  Class  of  Polypi,  and  the  Rank  and  Succession  of 

their  Chief  Natural  Divisions.   By  Prof.L.AoASsiz.    [Not  received,]  8 

4.  On  the  Orbital  Courses  of  Storms,  as  opposed  to  the  received  Hypo- 

thesis of  general  Winds,  founded  on  the  alleged  Influence  of 
Equatorial  Temperature.    By  W.  C.  Redheld.     [Not  received,]  8 

5.  On  the  HolotburiaB  of  the  Atlantic  Coast  of  the  United  States.    By 

L.  F.  POURTALES,  .  .  .  .8 

6.  Notice  of  the  Ancient  Human  Skulls,  and  other  Bones,  found  in  a 

Cave  near  Elyria,  Lorain  County,  O.    By  Chas.  Wuittleset,  Sr.,  16 

Second  Day,  Tuesday,  May  6,  1851. 

MoRNiifo  Session. 

1.  On  the  Constitution  of  Saturn's  Ring.    By  Prof.  B.  Peirce,    .  18 

2.  On  the  Age  of  the  Sandstone  of  Lake  Superior,  with  a  Description  of 

the  Phenomena  of  the  Association  of  Igenous  Rocks.      By  Messrs. 
Foster  and  Whitney,  .  .  ,32 

3.  On  the  Gephyrea  of  the  Atlantic  Coast  of  the  United  States.    By  L. 

F.  POURTALES,  .  .  .  .39 

4.  On  the  Limit  of  Perceptibility  of  a  Direct  and  Reflected  Sound.    By 

Prof.  Jos.  Henry,  .  .43 

5.  Current  Chart  of  New  York  Bay,  from  Observations  in  the  Coast 

Survey.    By  Prof.  A.  D.  Bachb,       .  .  .  13 


Digitized  by 


Google 


XJn  TABLB   OF    OOKTKXrrS. 

6.  On  the  Poat-Parmian  Date  of  the  Red  Sandstone  Rocks  of  New 
Jersey  and  the  Connecticut  Valley,  as  shown  by  their  Fossil  Re- 
mains.   By  W.  C.  Rkdfielo,  .  .  .  .45 

AmwfooN  Sbssiom. 

1.  On  the  Structure  and  Reproduction  of  Porites.    By  Prof.  L.  Aoamb. 

[Not  receiTed,]       .  .  .  .  .  .47 

S.  On  the  Existence  of  Thosphorus  in  the  Carbonates  of  Iron  of  the  Des 

Moines  Coal  Fields.    By  Dr.  D.  D.  Owen,  .  .  .47 

3.  On  a  Method  for  distiug^ishing  between  Biaxial  and  Uniaxial  Crys- 

tals, when  in  thin  plates;  and  the  Results  of  the  Examination  of 
sereral  supposed  Uniaxial  Micas.    By  Wm.  P.  Blake,       .  50 

4.  On  the  Superficial  Deposite  of  the  North  Western  Part  of  tlis  Unllad 

Sutes.    By  Col.  Chas.  Whittleset,  .  •  .  .  04 

Etening  Sbssiom. 

1.  Parallelism  of  the  Paleozoic  rodLs  of  New  York,  with  those  of  the 
Western  States,  and  of  all  these  with  the  Paieosoic  Strata  of  Earopo. 
By  Prof.  James  Hall.    [Not  received,]  .  .  .59 

Third  Pay,  "Wednesday,  Bffay  7,  IMl. 

Morning  Sessiov. 

1.  On  the  Special  Homologies  of  Acephaia.    By  Prof.  L.  Agasbiz.    [Not 

received,]  .  .  .  .  .61 

2.  On  a  New  Method  of  Geometrically  Constructing  the  Integration  of 

Quadratures.    By  Rev.  Thomas  Hill,  .61 

3.  Comparison  of  Curves,  showing  the  Hourly  Changes  of  Magnetic 

Declinaliou  at  Philadelphia,  Toronto,  and  Hobarton,  from  April  to 
August,  and  from  October  to  February,  and  for  March  and  Septem- 
ber.   By  A.  D.  Backs,  •  .63 

4.  On  a  Curious  Fact  in  relation  to  a  Turbine  Wheel.  By  Mr.  T.  Chase,  63 

5.  On  the  Silurian  Rocks  of  the  Lake  Soperior  Land  District    By  Prof. 

Jajibs  Hall.    [Not  received,]  .64 

6.  On  an  Apparatus  constructed  by  Mr.  Wnrdeman,  for  Determining 

Altitudes  by  means  of  the  botifog  point  By  Prof.  Jos.  Henet.  [Not 
received.]  .  .  .  .  .  .66 

7.  On  the  Motion  of  the  Sun  about  the  center  of  the  Soiar  System.    By 

Prof.  Geo.  W.  Coaklet.    [Not  received,]         .  .  .66 

AiTBRiiooN  Session. 
1.  On  a  New  Curve  for  Railroad  Tracks.    By  Rer.  Tbcml  Hill,  67 


Digitized  by 


Google 


TABU  09   OOHTBarS. 

9.  RepMTt  of  th*  CoomiiltM  npon  Prof.  Ifltohel's  Bystom  of  A«tf onoai- 

eal  OboenratioiMi.    By  Prof.  B.  Pbiigb,  .69 

3.  Ob  tiw  FoMil  Roln-niftrka  foond  in  tho  Rod  Sondsloiio  Roeki  of  Now 

Joroey  and  the  Conaecticat  Valley,  and  their  Anthentie  Ghaimetor. 

By  W.  C.  RsDnsLD,  .  .72 

4.  On  the  Determimtioo  of  the  VolocUy  of  Boando,  by  the  method  of 

CoiDcideBeea.    By  Prof.  A.  D.  Bachs,  .75 

5.  On  the  Gonlatite  Limestone  of  Rookford,  Jockson  Coanty,  Ind.    By 

D.  CHunr,  ......         76 

Etkning  Scsstoir. 

1.  Roonlti  of  an  Exploration  of  the  Coral  Reefs  of  Florida,  in  coiinoo- 

tion  with  the  United  Statea  GoosI  Sarrey.    By  Prof.  L.  A«a»s,    .        Jft*  ^  / 

Fonrtli  Day,  Thursday,  May,  ath,  1851. 

Moaniiro  Snaioit. 

1 .  Remarks  on  the  Seses  and  Habits  of  some  of  the  Acophalons  BiralTo 

MoUosca.    By  Dr.  J  abed  P.  Kibtland,  .65 

3.  Report  of  the  Committee  appointed  to  Memorialize  the  Legislatare  of 
Pennsylvania,  in  Reference  to  the  PaUication  of  the  Final  Geolog- 
ical Report  of  that  State.    By  Solomoh  W.  Robcets,      .  93 

3.  Note  on  the  Survey  of  the  Boundary  line  Between  Mexico  and  the 

United  Sutes.    By  M^'.  Wm.  H.  Emobt,  .94 

4.  Ob  the  Effectii  of  the  Areas  of  Ooeanic  Tomperataree-    By  Capt 

Chablbs  Wilxbs.    [Not  received,]    .  .105 

5.  Geographical  distribution  of  certain  Species  of  Finviatlle  and  Terres- 

trial  IBhells.    By  J.  S.  Ncwbcbbv.      ...  105 

6.  On  the  Longitude  of  the  Cincinnati  Observatory,  by  Telegraphic  Op- 

erations, in  connection  with  the  United  States  Coast  Survey.    By 
ff^         Prof.  0.  M.  MiTCHBL,  .106 

^1.  Abetraot  of  an  Introduction  to  the  Final  Report  of  the  Geological 
Surveys  made  In  Wisconsin,  Iowa,  aad  Mioesota,  in  the  years  1847, 
l848,-'49,  and  '50,  containing  a  Synopsis  of  the  Geological  Fea- 
tures of  the  Couutry.    By  D.  D.  Ownr,  .  .119 

8.  On  the  Cause  of  Saltpetre  Explosions.    By  Gbo.  C.  ScKAXPvnu         •        133 

9.  Chemical  Action  of  Feeble  CurrenU  of   Electricity.     By  Danibl 

YAuaBAN,  ......        135 

AVTBBlCOQIf  SUSIOH. 

1.  On  the  Different  Systems  of  Elomtion  which  have  givoa  CoB6g«r»* 
tloB  to  North  America,  with  mm  attenp«  to  Idoatify  Iheai  With  thooo 
of  Baropo.    By  J.  W.  Fovna  aad  J.  D.  Wamnt,  136 

9.  Notes  on  th»nse  of  the  Zenith  Telescope  in  Determining  Latitodee  la 
the  Cooot  Sanwy,  by  Taicott*s  Method,  and  on  the  Redaotioaof  the 
ObaervatioBS.    By  A.  D.  Baobk,  .151 


Digitized  by 


Google 


Xny  TABLE   OF   C0NTKNT8. 

3.  On  the  Palieonlolog^  of  the  Lowest  SaDdsiones  of  tfa«  North  West. 

By  D.  D.  Owen,    .  .  .  .  .  .169 

4.  On   a    Modification  of   Apparatoa  for   the  Registration  Time  for 

Astronomical  Purposes.    By  Wn.  Wurdkharn,  .        173 

Fifth  Day,  Friday,  May  9th,  1851. 

MoRNiica  Skssiox. 

1.  Report  on  the  Vertebrate  Fossils  exhibited  to  the  Association.   By  Prof. 

L.  Agassiz,  (Abstract,)  .....        178 

2.  Report  on  the  Invertebrate  Fossils  exhibited  to  the  Association.     By 

Prof.  Jas.  Hall.    [Not  received,]       .  .  .  .180 

'  *-3.  On  the  History  and  Nomenclature  of  some  Cultivated  Vegetables.    By 

Dr.  T.  Wm.  Harris,  .  .  .  .  .180 

4.  Some  Remarks  on  the  Geology  of  the  State  of  Missouri.    By  Dr.  H. 

King,      .......        182 

5.  A  comparison  of  two  different  methods  of  Calculating  Mean  Temper- 

ature, aud  on  the  Mean  Temperature  of  Cincinnati,  being  the  re- 
sults Of  Observations  made  at  Woodward  College,  Cincinnati.  By 
Dr.  Jos.  Rat,        ...  .  •  .201 

6.  On  some  Points  of  the  Structure  and  Reprodution  of  Physalia.    By 

Prof.  L.  Agassiz.     [Not  received,] 

7.  On  the  Association  of  Certain  Minerals  in  Northern  New  York.    By 

Franklin  6.  Hough,  .....        205 

8.  On  the  Equivalency  of  the   Rocks  of  North  Eastern  Ohio,  and  the 

Portage,  Chemung  and  Hamilton  Rocks  of  New  York.  By  Charles 
Whittlesey,  .  .  '  .  .  .  .        207 

9.  On  Quartz  Pebbles,  of  the  Sandstone  Conglomerate,  and  Reasons  for 

Rejecting  the  Theory  of  "Water  Detrition.'*     By  Prof.  J.  Brai- 

NERD,  .......  222 

10.  On  the  Character  of  the  Vegetation  of  South  Western  Texas.    By 

Dr.  George  Enoelmann,  ^^^ft 

Afternoon  Session. 

1.  On  the  Distribution  of  the  Crinoideain  the  Western  States.    By  Prof. 

L.  P.  Yandkll,      .  .  .  .229 

2.  On  the  Special  Homologies  of  the  true  Starfishes  and  Crinoids.    By 

Prof.  L.  Agassiz.     [Not  received,]     .  .  .  .235 

3.  On  the  New  Theory  of  Statements  by  Proportions.    By  Thos.  Rai- 

NEV.     [Not  received,]  .....        235 

4.  On  a  specimen  of  Fossil  Ox,  (Bos  bombifrons),  found  in  Trumble 

county,  O.    By  Prof.  Saml.  St<  Jkmw.    [Not  received,]  .        235 

5.  On  the  Number  and  Distribution  of  Fossil  Species  in  the  Palieosoic 

Rocks  of  Iowa,  Wisconstn  and  Minesota.    By  Drs.  D.  D.  Owen 

and  B.  F.  Sroxaro,  .235 

6.  On  the  Detection  of  OrgaQic  Miasm  in  the  Air.    By  Prof.  Geoeqk  C. 

SCHAEFFER,  .  .  .  .  .230 


Digitized  by 


Google 


PROCEEDINGS 

OF  THB 

CINCINNATI  MEETING,  1851. 


FIRST  DAY:   MONDAY,   MAY  5,  1851. 

The  first  session  of  the  Fifth  Meeting  of  the  American  Association 
for  the  Advancement  of  Science,  was  held  in  Uie  Lecture  Room  of 
Ck>llege  Hall,  Cincinnati,  at  3,  P.  M.  Prof.  Albzandbr  Dallas  Bacbx, 
President  of  the  year  1860-61,  took  the  Chair. 

The  meeting  was  opened  with  prayer,  by  the  Rev.  Samubjl  W^ 
FiSHSB,  of  CincinnatL 

The  list  of  Officebs  was  then  read,  as  follows : 

Prof.  Alexander  Dallas  Bache,  President, 
Prof.  Spencer  F.  Bairo,  Permanent  Secretary. 
Prof.  William  B.  Rogers,  General  Secretary. 
Dr.  Alfred  L.  Elwyn,  Treasurer. 

STANDING    COMMITTEE. 
Prof.  A.  D.  Bache,  ^  Prof,  Joseph  Henry, 

Prof.  S.  F.  Baird,      i  „    ^  .  Ed.  C.  Hbrrice,  Esq., 

Prof.  W.B.  Rogers,    f  ^^  ^^^- 
Dr.  Alfred  L.  Elwyn.  J 

LOCAL   COMMITTEE. 


Hon.  Jacx)b  Burnet,  Chairman, 
Thomas  Rainby,  Esq.,  See., 
Prof.  O.  M.  Mitohel, 
Prof.  B.  SiLLiMAN,  jr., 
Chablbs  Stetson,  Esq., 
Hon.  Timothy  Walker, 
Prof.  Horatio  N.  Robinson, 

Hon.  Nathan  Guilford, 
1 


Rev.  Dr.  N.  L.  RroE, 
Ed.  D.  Mansfield,  Esq. 
Rt.  Rev.  Bishop  Pttroell, 
Dr.  Joseph  Ray, 
John  P.  Foots,  Esq., 
Dr.  J.  A.  Warder, 
RoBT.  Buchanan,  Esq. 
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The  minutes  of  the  Meeting  of  the  Standing  Committee,  held  at  the 
Burnet  House,  at  11,  A.  M.,  were  then  read,  and  the  several  recom- 
mendations therein  contained,  adopted. 

The  Permanent  Secretary  was  appointed  Treasurer,  pro  (em.,  in  the 
absence  of  the  regular  Treasurer,  Dr.  Elwtk. 

The  Prxsidbkt  read  the  rules  of  the  Association  with  regard  to  the 
conditions  of  membership,  and  remarked  upon  the  necessity  of  punc- 
tuality in  attendance  upon  the  different  meetings,  in  order  to  get 
through  the  business  of  the  Association  in  time.  He  called  the  atten- 
tion of  the  members  to  the  necessity  of  condensing  communications, 
as  far  as  practicable,  by  the  omission  of  all  matters  not  strictly  new,  or 
belonging  to  the  progress  of  science.  He  referred  to  the  £act  that  the 
Association  was  for  the  adrancement  or.  increase  of  science,  not  for 
its  diflPusion  or  promotion.  It  is  only  by  adhering  rigidly  to  this  funda- 
mental principle  that  the  Association  can  fiU  the  measure  of  its  duty  to 
the  science  of  the  day  and  of  this  country.  As  the  diffusion,  merely, 
of  knowledge,  however  praiseworthy  in  itself,  is  not  the  object,  all 
matters  not  new,  nor  tending  to  advance  science,  should  be  excluded. 
In  this  case,  only,  can  the  various  new  subjects  brought  before  the 
Association  be  satisfactorily  presented  and  discussed. 

The  following  papers  were  then  presented: 

I.  On  thb  Law  of  the  Deposit  of  the  Flood-tide.     By  Lieut.  Chas. 
H.  Davis,  U.  S.  N.  Superintendent  of  the  Nautical  Almanac. 

In  my  memoir  upon  the  Geological  action  of  the  Flood-tide,  I  stated 
that  the  deposits  which  are  constantly  accumulating  upon  every  allu- 
vial coast  are  increased,  or  have  their  growth,  in  the  direction  of  the 
flood  stream. 

In  proof  of  this,  numerous  instances  were  cited  of  such  growth,  or 
accumulation,  on  the  south  coast  of  the  State  of  Massachusetts,  and 
this  controlling  effect  of  the  flood  current  was  further  exemplified  by 
the  drift  of  the  materiab  of  wrecked  vessels,  which  was  found  to  be 
always  in  the  same  direction ;  that  is,  in  the  direction  of  the  flood 
current. 

Since  the  memoir  referred  to  was  written,  additional  instances  have 
been  collected,  equally  well  authenticated  and  important,  and  all  tend- 
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ing  to  confirm  the  conclusion  laid  down  in  that  paper.  In  my  inquiry 
into  the  mechanical  action  of  this  law,  I  have  been  very  much  indebted 
to  the  able  paper  of  Mr.  J.  Scott  Russell,  on  Waves,  in  the  Proceed- 
ings of  the  British  Association  for  the  Advancement  of  Science.  The 
details  belonging  to  this  subject  will  be  given  elsewhere ;  but  it  may  be 
said  here,  generally,  that  the  motion  of  translation,  or  motion  of  the 
water-particles,  in  the  positive  wave  of  the  first  order  of  Mr.  Russell's 
classification,  is  such  as  to  make  that  wave  ''a  vehicle  for  the  trans- 
mission of  mechanical  force."  This  is  the  form  of  wave  that  follows 
upon  the  destruction  of  the  waves  of  the  sea  upon  an  alluvial  coast. 
The  wave  of  the  sea  is  of  the  second  order :  in  passing  from  the 
second  to  the  first  order,  the  motion  of  the  particles  changes  from  the 
motion  of  osciUation  to  that  of  translation.  The  matter  transported  by 
the  current  of  the  flood-tide  is  subjected  to  this  wave-action ;  the  par- 
ticles of  water,  and  the  suspended  matter,  being  projected  forward,  at 
the  moment  of  disintegration,  with  a  mechanical  power  proportioned  to 
the  hight  of  the  wave.  The  substances  beneath  the  breaking  wave 
also  receive  a  shock,  tending  to  force  them  further  up  the  beach. 

It  is  under  the  control  of  this  law  that  the  vast  material  of  the  ter- 
tiary and  drift  periods,  which  constitute  the  flesh  and  muscles  of  the 
great  continents,  have  been  saved  from  wasteful  dififiision  in  the  depth 
of  the  ocean,  and  have  been  grouped  around  their  original  sources. 
It  may  be  assumed  to  be  one  of  the  subordinate  fundamental  laws  of 
the  globe. 

After  the  reading  of  Lieut.  Davis's  note,  Prof.  Baohs  stated  that  he 
had  directed  the  officer  engaged  in  the  Hydrography  of  Charleston 
harbor  in  the  Coast  Sui-vey,  (Lieut.  Maffitt,)  to  take  up  a  considerable 
bulk  of  water,  at  different  periods  of  the  ebb  or  flood  tide,  with  the 
sand  mixed  in  it,  so  as  to  determine  the  relative  amount  of  deposit  in 
equal  quantities  of  water  at  different  periods  of  the  tide.  The  exami- 
nation was  not  completed ;  but  Lieut.  Maffitt  had  reported  that  the 
water,  during  the  flood,  contained  a  very  much  greater  amount  of  sand 
than  during  the  ebb.  The  sand  of  the  bar,  during  the  flood-tide,  is, 
in  fiact,  as  termed  by  sailors,  "alive;"  a  fact  which  confirms,  signally, 
the  proposition  of  Lieut.  Davis. 
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2.  On  the  Azoic  Ststsm,  as  developed  in  the  Lake  Superior  Land 
District.  By  J.  W.  Foster  and  J.  D.  Whitney,  U.  S.  Gleologiste 
for  said  District. 

The  following  is  an  abstract,  only,  of  this  paper : 

The  term  Azok  (from  o,  negative,  and  f«»,  life,)  was  first  appMed 
by  Murchison  and  de  Vemeuil,  to  designate  a  class  of  crystalline  rocks, 
which  occur  around  the  Gulf  of  Finland,  whose  geological  position  is 
below  the  Silurian  System.  In  it,  they  include  not  x)nly  gneiss  and 
mica  slate,  but  the  igneous  rocks,  such  as  granite  and  diorite,  by  which 
they  are  invaded.  We  adopt  the  term,  but  limit  its  signification,  by 
applying  it  to  a  class  of  rocks  supposed  to  be  detrital  in  their  origin, 
and  to  have  been  formed  before  ihe  dawn  of  animal  or  vegetable  Ufe. 
It  comprises  the  most  ancient  of  the  strata  which  form  the  crust  of 
the  earth,  and  occupies  a  distinct  position  in  the  geological  column ; 
being  below  the  Potsdam  sandstone.  In  this  district,  the  rocks  consist, 
for  the  most  part,  of  gneiss,  hornblende,  chlorite,  talcose,  and  argilla- 
ceous slates ;  interstratified  with  beds  of  quartz,  saccharoidal  marble, 
and  immense  deposits  of  specular  and  magnetic  oxide  of  iron. 

Most  of  these  rocks  appear  to  be  of  detrital  origin,  but  to  have  been 
greatly  transformed  by  long-continued  exposure  to  heat.  They  are 
sub-crystalline,  or  compact,  in  their  texture,  and  rarely  present  ime- 
quivocal  signs  of  gratification.  They  have  been  subject  to  ih^  most 
violent  dislocations.  In  one  place,  the  beds  are  vertical ;  in  another 
reversed ;  and  in  another,  present  a  series  of  folded  axes.  Intermin- 
gled with  them  is  a  class  of  rocks  whose  igneous  origin  can  hardly  foe 
doubted,  and  to  whose  presence  the  metamorphism  so  characteristic  of 
this  series  is,  in  a  measure,  to  be  ascribed.  They  consist  of  various 
proportions  of  hornblende  and  feldspar,  forming  traps  and  basalts ;  or, 
where  magnesia  abounds,  pass  into  serpentine  rocks.  They  appear,  in 
some  instances,  to  have  been  protruded  through  the  pre-existing  strata, 
in  the  form  of  dykes  or  elvans ;  in  others,  to  have  flowed  in  broad, 
lava  streams  over  the  ancient  surface ;  and  in  others,  to  have  risen  up 
through  some  wide-expanding  fissure,  forming  axes  of  elevation. 

The  authors  next  proceeded  to  show  that,  on  the  supposition  of  the 
earth  having  been,  originally,  in  a  fluid  state,  and  gradually  undergone 
a  diminution  of  temperature,  we  ought  to  look  for  the  production  of 
crystalline  substances,  differing  widely,  if  not  in  chemical  composition. 
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at  least  in  general  character  and  aspect,  from  those  of  the  present  day. 
They  did  not  regard  this  transformation  as  due,  simply,  to  the  presence 
of  erupted,  or  plutonic  masses,  but  to  gaseous  sublimations,  intense 
pressure,  and  electro-chemieal  agencies,  generated  in  the  rast  labora- 
tory of  nature. 

They  next  adrerted  to  the  researches  of  chemists,  showing  that  the 
same  materials,  when  fused,  yielded  dissimilar  products,  depending  on 
the  rapidity  or  slowness  in  cooling,  and  the  degree  of  pressure  to  which 
they  had  been  subjected.  They  also  spoke  of  the  evidence  afforded 
by  the  scoriae  of  furnaces,  as  tending  to  confirm  these  views. 

Since  the  theory  of  metamorphism  has  been  generally  adopted, 
many  of  the  rocks  which  were  formerly  regarded  as  igneous,  are  now 
referred  to  aqueous  agency,  and  their  transformations  traced  to  the 
presence  of  erupted  rocks.  They  here  cited  numerous  examples  of 
metamorphism,  showing  that  argiUaceous  schist  is  transformed  into 
gneiss;  sandstone  into  compact  vitreous  quartz;  and  limestone  into 
aaccharoidal  marble,  when  brought  in  contact  with  eruptive  masses. 
They  therefore  inferred,  that  these  obscurely-bedded  rocks, — such  as 
gneiss,  and  the  crystalline  schists, — were  of  sedimentary  origin :  that 
no  rock  was  to  be  regarded  as  igneous,  unless  it  occur  in  vast,  irregular 
masses,  like  granite ;  in  dome-shaped,  or  crater-like  summits,  as  basalt, 
or  trachyte ;  in  long  hnes,  like  dykes  or  elvans,  cutting  through  the 
incumbent  strata;  in  ramifying  veins,  like  granite;  or  broad  lava 
sheets,  like  trap. 

Many  eminent  geologists  maintain,  that  the  lowest  stratified  rocks 
are  but  portions  of  the  Silurian  System,  and  that,  from  long-continued 
exposure  to  heat,  the  lines  of  stratification  have  become  obscure,  and 
all  traces  of  organic  remains  obliterated.  Our  observations  in  this 
district  (they  remarked)  have  led  us  to  a  different  conclusidn.  If  the 
Potsdam  sandstone  rest  at  the  base  of  the  Palseosoic  Series;  if  from  that 
epoch  we  are  to  date  the  dawn  of  organized  existence,  there  is,  in  this 
district,  a  class  of  rocks,  detrital  ijo  origin,  interposed  between  the 
lower  Silurian  System  and  the  granite;  rocks'  distinct  in  character, 
unconformable  in  dip^  and  destitute  of  organic  remains.  If  we  found 
these  crystalSne  schists,  and  beds  of  quartz,  and  saccharoidal  marble, 
graduating  into  clay-slates,  sandstones  and  limestones,  as  we  receded 
from  the  lines  of  igneous  outburst,  and  enveloping  the  remains  of 
plants  and  ammals,  we  would  be  led  to  a  different  conclusion ;  but  so 
fiBur  from  it,  the  evidence  is  ample  that  the  base  of  the  Silurian  System 
reposes  upon  their  upturned  edges,  and  that  the  causes  by  which  the 
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metftmorphism  of  the  former  was  effected  had  ceased  to  operate  before 
the  deposition  of  the  latter.  Between  the  two  systems  there  is  a  clear 
and  well-defined  line  of  demarkation.  It  forms  one  of  those  great 
epochs  in  the  history  of  the  earth,  where  the  geologist  «an  pause,  and 
satisfy  himself  of  the  correctness  of  his  conclusions.  On  the  one  hand 
he  sees  evidence  of  intense  and  long-continued  igneous  agency,  and, 
on  the  other,  of  comparative  tranquillity  and  repose. 

Having  taken  a  general  view  of  the  origin  of  the  azoie  rooks,  they 
next  proceeded  to  describe  their  geographical  distribution.  They  occupy 
an  almost  continuous  belt  along  the  northern  shore  of  Lake  Superior, — 
subject,  however,  to  occasional  interruptions, — and  had  thence  been 
traced,  by  Logan  and  Bayfield,  to  the  coast  of  Labrador,  forming  the 
axis  between  Hudson's  Bay  and  the  Valley  of  the  St.  Lawrence. 

They  are  also  extensively  developed  on  the  southern  shore,  forming 
the  water  shed  between  the  respective  river-systems  of  Lake  Superior, 
Lake  Michigan,  and  the  Mississippi.  [Mr.  Foster  here  traced  their 
range  and  extent,  on  a  large  map,  which  will  80(m  be  published  by 
order  of  the  government,  so  that  we  deem  it  unnecessary  to  offer  a 
diagram.]  Wherever  the  junction  between  the  Azoic  and  Silurian 
Systems  has  been  observed,  the  one  is  found  to  repose,  unconformably, 
on  the  other.  A  section,  taken  near  Carp  river.  Lake  Superior,  was 
exhibited,  showing  that,  while  the  quartz  of  the  Azoie  System  occurred 
in  beds,  nearly  vertical,  and  afforded  ripple-marked  surfaces,  the  Pots- 
dam sandstone  of  the  Silurian  epoch  was  deposited  around  it  in  nearly 
horizontal  beds,  and,  in  many  instances,  fiUed  the  ancient  fissures  of 
the  quartz.  Other  sections,  illustrating  the  same  phenomena,  in  differ- 
ent parts  of  the  district,  were  exhibited. 

They  next  proceeded  to  describe  the  associated  metals.  Tlie  Azoic 
Series  was  Characterized  by  immense  deposits  of  specular  and  magnetic 
oxide  of  iron.  This  might,  with  great  propriety,  be  denominated  the 
Iron  Agb  of  Geology ;  while  the  Silurian  epoch,  with  equal  propriety, 
might  be  designated  as  the  Copper  Agb.  As  a  striking  example  of  the 
magnitude  of  these  deposits,  they  stated,  that  near  Teal  Lake,  an  iroa 
mountain  rose  up,  in  the  form  of  a  dome,  to  the  height  of  1,067  feet 
above  Lake  Superior,  and  200  feet  above  the  surrounding  country; 
forming  the  culminating  point,  along  that  line,  between  Lake  Superior 
and  Lake  Michigan.  It  did  not  consist  of  pure  iron  ore,  but  of  alter- 
nating bands  of  a  few  lines,  only,  in  thickness,  of  blood-red  jasper, 
and  dark,  or  steel-gray,  iron  ore,  curiously  contorted  and  plicated. 
Portions  of  the  mass,  however,  were  absolutely  pure.     Other  examples 
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were  cited,  where  the  iron  occurred  on  a  scale  of  nearly  equal  magni- 
tude. So  far  as  related  to  the  range,  extent,  and  purity  of  these  ores, 
this  district  stood  unrivaled  throughout  the  world ;  and  the  time  was 
not  distant  when  the  Great  West  would  look  to  this  source  for  the  finer 
varieties  of  bar  iron,  and  cast  steel. 

From  the  detailed  explorations  of  Mr.  Ch.  F.  Mersch,  communicated 
to  them,  and  which  they  purposed  soon  to  publish,  there  could  be  no 
doubt  that  the  Missouri  iron  region  belonged  to  the  same  system  of 
upheaval,  and  occupied  the  same  relation  to  the  Silurian  System. 
They  also  stated  that  the  magnetic  ores  of  Sweden,  associated  with 
gneiss,  belonged  to  the  same  epoch.  The  same  was  true  with  regard 
to  the  ores  of  the  Ghamplain  region  of  New  York ;  that,  although  they 
had  been  described,  by  Dr.  Emmons,  as  occurring  in  purely  igneous 
rocks,  they  had  satisfied  themselves,  from  personal  observation  over  a 
portion  of  the  district,  that  this  was  not  the  case. 

As  to  the  thickness  of  the  Azoic  System,  it  was  impossible  to  form  a 
correct  idea.  It  might  be  20,000,  or  50,000,  or  100,000  feet.  If  we 
were  to  adopt  the  usual  method  of  measuring  across  the  basset  edges 
of  the  strata,  it  would  give  us  a  thickness  greater  than  that  of  the 
whole  fossiUferous  series,  from  the  base  of  the  Silurian  to  the  crowning 
member  of  the  Tertiary.  It  was  evident  that  these  strata  were  every 
where  plicated  and  folded,  and  that  the  observer  passed  over  a  repeti- 
tion of  beds»  instead  of  a  successicm  of  beds;  but  that  the  strata* 
throughout  the  whole  region,  had  been  so  shattered  by  earthquakes, 
and  so  metamorphosed,  by  direct  or  transmitted  heat,  that  it  was 
impossible  to  identify  them,  except  over  limited  areas. 

Prof.  Agassiz  remarked,  that  he  had,  at  the  Cambridge  meeting  of 
the  Association,  urged  the  importance  of  a  close  examination  of  the 
older  rocks  of  the  PalsBozoic  Series,  with  a  view  of  arriving  at  a  stand- 
ard for  determining  the  order  of  succession  of  the  contained  fossils. 
It  had  l<Mkg  been  an  unsettled  question  with  European  geologists, 
whether  we  oould  accurately  fix  upon  the  exact  point,  in  the  paleeozpic 
rocks,  in  which  animal  life  had  commenced.  Mr.  LyeU  was  of  opinion 
that  we  oould  not.  Yet  it  is  now  established,  by  the  labors  of  Messrs. 
Foster  and  Whitney,  that  we  can  accurately  determine  this  point,  and 
feel  certain  that  we  have  ascertained  the  exact  strata  which  contained 
the  fossil  remains  of  the  first  created  animals.  If  the  zoologist  would 
view  with  interest  the  skull  of  the  first  created  man,  it  is  with  equal 
interest  that  we  see,  in  the  Potsdam  sandstones,  the  evidences  of  ih» 
first  created  animals. 
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3.  Ok  thb  Limits  ov  thx  Class  of  Poltpi,  and  thb  Rank  and  Sucgis' 
siON  OF  THKiB  Chikf  Natural  DIVISIONS.     By  Prof.  L.  AOASSIZ. 

[Jl^ot  receiped.] 

4.  On  thb  Orbital  Courses  of  Stc^ms,  as  opposed  to  the  received 
Hypotheses  of  General  Winds,  founded  on  the  alleged  Influence 
OF  Equatorial  Temperature.     By  W.  C.  Redfield,  Esq. 

[iVo^  received. 1^ 

Captain  Wilkes  remarked,  that,  in  the  Pacific,  the  orbital  motion  of 
some  storms  which  he  had  examined  was  in  a  curve,  turned  to  the 
east,  in  south  latitude,  say  from  14^  to  32^ ;  and,  in  reply  to  a  question 
from  Mr.  Redfield,  stated,  that  he  considered  this  fact  to  be  the  result 
of  a  sufficient  number  of  observations. 

5.  On  the  Holotrurlb  of  the  Atlantic  Coast  of  the  United 

^atbs.    by  l.  f.  pourtales. 

At  the  meeting  of  the  "Association  of  American  Geologists  and 
Naturalists,"  held  at  Boston,  in  1847,  I  read  a  paper  on  the  Bblotkurim 
of  New  England,  which  I  subsequently  considered  as  too  imperfect  to 
be  sent  in  for  publication,  until  I  should  have  collected  more  informa- 
tion on  that  subject.  At  the  request  of  Prof.  Aoassiz,  I  took  up  this 
subject  again,  in  the  little  time  I  could  save  from  my  regular  occupa- 
tions. I  had,  in  the  mean  time,  obtained  specimens  of  a  few  species  of 
this  family  from  other  parts  of  the  coast,  which  I  now  include  in  this 
enumerataon. 

The  family  of  Holothuriae,  although  so  mterestmg  to  the  zoologist, 
on  account  of  its  analogies  with  the  annelids  among  Articulata,  can  be 
said  to  be  yet  in  a  state  of  great  confusion ;  perhaps  more  so  than  any 
other  family  in  the  animal  kingdom.  Almost  every  naturalist  who  has 
been  engaged  in  this  study  has  attempted  to  classify  them;  many, 
however,  have  only  increased  the  confusion  by  the  creation  of  new 
genera,  based  on  insufficient  grounds.  Perfect  specimens  are  very 
•oarce  in  collections,  owing  to  the  habit  these  luiimals  have  of  eject- 
ing their  intestines,  tentacles,  and,  in  short,  all  their  organs,  except 
iddn  and  muscles,  when  handled  aUve.  Those  organs,  therefore,  have 
almost  never  been  used  by  zoologists  for  generic  characters.  The  latter 
have  been  usually  derived  either  from  the  general  form  of  the  body, — 
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as,  for  instance,  by  de  Blainville,— or  from  the  disposition  of  the  suck- 
ers, the  so-called  feet,  or  from*  their  absence  or  presence  only,  as  did 
Brandt.  The  tentacles  hare  seldom  been  used,  although  they  would, 
probably,  afford  very  good  characters ;  but  they  are  seldom  found  per- 
fect in  the  specimens  preserved  in  collections.  Other  characters,  sub- 
jected to  the  same  difficulty  of  preserving,  could  be  derived  from  the 
hard  parts  of  the  skins.  In  the  Echini  and  Asteriae,  the  whole  body  is 
covered  with  hard,  calcareous  plates,  extensively  used  as  means  of 
classifying  the  species.  Many  have^  abo,  a  comphcated  system  of  jaws 
and  teeth.  In  Holothurise,  nothing  remains  except  a  ring  of  calcareous 
pieces  around  the  oesophagus,  and  in  some  genera,  a  smaller  ring  is  seen 
surrounding  the  anus,  besides  numerous  very  small,  calcareous  pieces, 
distributed  in  the  skin  and  tentacles,  all  of  which  present  very  charac- 
teristic forms,  when  examined  under  the  microscope.  A  careful,  com- 
parative study  of  them,  is  a  desideratum,  in  order  to  get  a  true  knowl- 
edge of  these  animals ;  and,  after  having  been  compared  in  all  the 
types,  afford  the  best,  and,  perhaps,  the  only  means  of  distinguishing 
the  species,  and  even  the  genera.  As  they  are,  also,  the  only  parts  of 
the  Holothurise  which  can  be  preserved  in  a  fossil  state,  they  will 
enable  us  to  compare  the  Holothurise  of  former  epochs  with  the  living 
ones.  Indeed,  these  calcareous  pieces  have  already  been  noticed,  and 
mistaken  for  fossil  infusoria.  As  far  as  I  know,  the  naturalists  who 
have  paid  most  attention  to  the  structure  of  those  cutaneous  bodies  in 
Holothurise  are  Diiben  and  Keren,  in  their  work  on  Scandinavian 
Echinodermata.  The  calcareous  pieces,  surrounding  the  oesophagus, 
have  oft^k  been  called  the  dental  ring,  or  even  the  teeth ;  having,  at 
first  sight,  a  resemblance  to  the  maxillae  of  Echini.  But  as  they  can 
not  be  used  for  mastication, — ^being  scarcely  moveable  upon  each  other, 
and  no  where  reaching  the  central  cavity  of  the  mouth, — this  appella- 
tion is  improper.  As  their  use  is  only  to  give  a  solid  point  of  attach- 
ment to  the  muscles  of  the  tentacles  and  of  the  oesophagus,  they  can, 
with  better  reasons,  be  compared  to  the  projecting  auricles  of  the 
Echini  and  Asterise,  which,  in  the  first,  are  the  supports  of  the  maxillae, 
and,  in  the  second,  the  point  of  attachment  of  the  muscles  distending 
the  mouth  and  the  oesc^hagus. 

I  shall  now  proceed  to  give  a  short  account  of  all  the  representatives 
of  this  family  found  on  the  Atlantic  coast  of  the  United  States.  It  will 
be  seen,  that  most  of  them  have  already  been  noticed  by  Dr.  A.  A. 
Gould,  in  his  "Report  on  the  Invertebrata  of  Massachusetts." 
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Oemis  Akaferus< — Tro8ch. 

This  genus  was  established  by  Troschel  for  those  Holothtirise  having 
the  suckers  scattered  over  the  whole  body ;  ten  tentacles  bi'anching  off, 
of  which  two  or  three  are  much  smaller  than  the  others ;  the  anus  sur- 
rounded by  calcareous  papillae,  a  large  retractor  muscle,  and  a  muscular 
stomach.  How  far  this  genus  will  hold  good,  I  am  unable  to  tell.  It 
seems  to  include  the  genus  Thyone,  of  Oken,  for  at  least  the  Th,  papu- 
losa, as  described  by  E.  Forbes,  answers  to  the  above  generic  diagnosis. 
Troschel  describes  one  species  from  our  coast. 

1.  Anaperus  Carclirms,  Trosch.  (in  Wiegmann*s  Archives,  1846.) — 
It  is  two  or  three  inches  long,  of  a  grayish  color,  covered  with  suckers, 
which  are  more  abundant  on  the  ventral  side.  The  anterior  imd  pos- 
terior extremities  are  usually  turned  a  little  upwards.  The  calcareous 
ring,  surrounding  the  oesophagus,  is  very  large  and  strong.  There  is, 
also,  a  smaller  calcareous  ring,  composed  of  several  pieces  around  the 
anus.  The  skin  contains  few  calcareous  parts,  but  each  sucker  has  a 
small,  perforated  disk  at  the  end,  and  sometimes  a  few  elongated  cal- 
careous pieces  in  its  stem.  The  tentacles  are  large,  and  ten  in  number ; 
of  a  fine  purple  color,  when  alive.  Two  of  them  are  much  smaller 
than  the  others,  and  placed  side  by  side  at  the  ventral  part  of  the  ani- 
mal. The  tentacles  are  filled  with  calcareous  parts,  which  give  to  them 
a  certain  stiBhess.  When  retracted,  they  are  folded  up  in  the  mouth, 
with  their  extremities  directed  inside.  The  stomach  is  muscular,  and 
contains,  sometimes,  sand,  and  small  shells.  The  other  internal  parts 
consist  in  large  sexual  organs,  and  the  double  respiratory  tree  also  of 
large  size.  The  specimens  of  this  species  which  I  have  seen  were 
picked  up  by  Professor  Agassiz  and  myself  on  the  beach  at  Sullivan's 
Island,  (S.  C.,)  where  they  occurred,  sometimes,  in  great  abundance. 
I  have  also  found  them  on  the  southern  side  of  Cape  Hatteras.  Thej 
probably  uihabit  deep  water,  and  are  thrown  up  by  the  waves ;  for  all 
the  specimens  found  on  the  beaches  are  rolled  up  to  high  water  mark, 
where  they  ultimately  perish,  and  dry  up. 

2.  Anaperus  bryareus,  (Holothuria  bryareus,  Les.) — Of  this  spe- 
cies I  have  had  no  specimen  on  hand,  and  know  it  only  through 
Lesueur*8  description,  which  indicates  an  Anaperus,  in  the  supposition 
that  the  author  overlooked  the  two  small  tentacles ;  the  number  eight 
being  not  normal  among  Holothurise.  This  traveller  obtained  his  spe- 
cimens from  the  coast  of  East  Florida,  and,  according  to  Say,  it  is 
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frequently  met  with  on  the  shores  of  New  Jersey.  Whether  Dr.  A.  A. 
Gould  had  exactly  the  same  species  before  him  when  writing  his 
Report,  I  am  unable  to  say. 

Genus  Colochirus — TroBch, 

This  genus  presentsr  the  same  peculiarities  as  the  preceding  one,  and 
only  differs  from  it  in  having  the  suckers  arranged  in  five  longitudinal 
TOWB,  of  which  the  three  inferior  ones  are  more  abundantly  furnished 
with  them  than  the  two  superior,  where  only  a  few  are  observed. 

3.  OolocMrus  gemmatus,  (Pourt.)-<-Two  specimens  of  this  species 
were  found  with  A,  cardinus  on  Sullivan's  Island,  (S.  C.)  One  of 
them  is  about  two  and  a  half  inches  in  length,  resembling  the  latter  in 
color;  the  other  is  a  little  more  than  half  that  size,  of  a  dirty  white 
body,  and  green  ambulacra.  The  internal  organs  are  almost  identical 
with  those  in  Anaperus,  as  are,  also,  the  tentacles,  with  the  exception 
that  they  are  proportionally  smaller.  The  skin  is  studded  with  micro- 
scopical hard  bodies — transparent,  and  refracting  the  light  very 
strongly.  Each  one  seems  to  be  composed  of  several  rounded  pieces, 
combined  so  as  to  leave  a  hole  in  their  middle.  Those  rings  are  again 
combined  together,  so  as  to  form  flat  bodies,  vnth  two,  three,  or  more 
holes  in  them.  The  suckers  are  arranged  in  five  rows,  of  which  three 
seem  to  be  more  abundantly  furnished.  In  this,  as  well  as  in  the  pre- 
ceding genus,  there  is  a  small,  calcareous  body,  occupying  a  position 
between  two  of  the  posterior  projections  of  the  pieces  of  the  calcareous 
oesophageal  apparatus,  near  the  dorsal  surface.  It  has  been  noticed  by 
Goodsir,  in  several  species  of  Holothurise,  and  he  regards  it  as  a 
madreporiform  tubercle,  or  nucleus.  It  is,  without  doubt,  a  repre- 
sentative of  the  madrlporic  plate  of  Echini  and  Asterise.  It  is  con* 
nected  with  the  sexual  canal,  which  opens  on  the  outside,  between  the 
two  superior  tentacles.  This  calcareous  body  has  a  spheroidal  form, 
and  is  composed  of  two  pieces,  united  by  a  meandriform  border. 

Gfemis  CuviKRiA — PSron, 

Characterized  by  having  the  body  covered  with  hard  scales,  and 
tthree  rows  of  suckers  on  the  ventral  disk.  Only  one  species  is  known  to 
inhabit  our  coast.  It  was  referred,  by  Dr.  A.  A.  Gould,  to  Cuvieria  squa- 
mata.  Several  specimens  have  been  found  in  the  stomachs  of  fishes. 
Some  of  them  have  also  been  dredged,  alive,  among  Laminaria,  in 
Boston  harbor,  by  Mr.  William  Stimpson.  But  as  I  have  seen  only 
dried  specimens,  of  the  New  England  species,  and  possessing  none 
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of  the  European,  I  am  unable  to  give  any  opinion  with  regard  to  their 
identity. 

Unable,  at  present,  to  decide  as  to  what  genus  the  following  species 
belong,  I  prefer  calling  it  Holothuria,  rather  than  to  refer  it,  with 
doubt,  to  any  other  of  this  group. 

4.  (Iloloikuria)  Florldana,  (Pourt.) — Body  cylindrical,  elongated, 
covered  with  suckers ;  which  are,  however,  more  abundant,  and  longer 
on  the  ventral  surface.  Tentacles  short,  equal,  twenty  in  number ;  their 
branches  also  short,  and  crowded  together  in  the  form  of  a  disk.  No 
hard  papillae  aroimd  the  anus.  No  muscular  stomach.  Color,  of  a  dark 
brown — almost  black;  tentacles  and  suckers  lighter  colored.  Size, 
when  alive,  from  six  inches  to  one  foot  long,  and  two  or  three  inches 
thick.  Inhabits  muddy  flats,  formed  by  the  detritus  of  corals,  among 
the  Florida  Keys. 

Although  the  suckers  are  disseminated  aU  over  the  body,  a  close 
inspection  will  show  that  they  are  more  abundant  in  certain  regions^ 
which  can  be  considered  as  the  ambulacra.  There  are  three  such  lon- 
gitudinal rows,  or  ambulacra,  on  the  ventral  surface,  and  two  on  the 
back;  and,  consequently,  three  interambulacral  spaces  on  the  dorsal 
surface,  and  two  on  the  belly.  The  dorsal  interambulacral  spaces  are 
provided,  each,  with  two  rows  of  conical  papillae^  one  row  on  each  side, 
close  to  the  ambulacral  space :  thus  making  six  rows  of  papillae,  which 
are  more  conspicuous  in  young  specimens,  three  or  four  inches  long, 
than  in  the  old  ones.  The  two  rows,  situated  nearer  to  the  ventral 
surface,  are  always  very  conspicuous.  They  are  erectile,  like  the 
suckers,  and  possess  a  canal,  which  communicates  with  an  interaal 
vesicle. 

The  skin  contains  small,  calcareous  bodies, 'of  various  forms,  but 
mostly  in  that  of  an  irregular  cross,  or  star,  the  branches  of  which  are 
bifurcated  at  their  extremity.  The  suckers  are  terminated  by  a  calca- 
reous, perforated  disk,  as  in  most  of  the  echinoderms.  The  conical 
papillae  contain,  near  their  extremity,  a  bundle  of  calcareous  bodies,  in 
form  of  a  slightly  curved  rib,  with  a  small,  perforated  expansion  at 
each  end;  a  form  frequently  met  with  in  the  skin  and  tentacles  of 
Holothuriae.  The  intestinal  canal  is  large,  and  always  filled  with  cal- 
careous sand,  and  small  shells,  which  the  animal  is  constantly  seen 
carrying  to  the  mouth,  by  means  of  the  tentacles,  and  swallowing. 

The  ovaries  occupy  a  large  space  of  Ijbe  cavity  of  the  body :  they 
are  filiform,  of  a  pink  color,  and  filled  with  eggs,  in  various  stages  of 
development.     The  oviduct  opens  near  the  mouth,  and  has  attached  to 
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it,  at  tke  place  where  it  meets  the*  circular  canal  of  the  Polian  vesicle, 
two  .clusters  of  small,  white  bodies,  consisting  of  an  elongated  head, 
BuppcMrted  by  a  twisted  pedunde,  both  filled  with  a  calcareous  network. 
There  are  eight  or  ten  such  bodies  to  each  cluster. 

The  PoUan  vesicle  is  simple,  and  elongated,  and  communicates  with 
a  circular  vessel,  attached  to  the  oesophagus,  from  which  five  branches 
go  to  the  twenty  internal  vesicles  belonging  to  the  tentacles.  These 
vesicles  are  long,  and  pointed.  The  respiratory  tree  is  double :  one  of 
its  branches  is  attached  to  the  wall  of  the  cavity  on  the  right  side,  and 
terminates  near  the  mouth ;  the  other  is  free,  and  is  intertwined  with 
the  brown  vessels  accompanying  the  intestinal  canal — probably  a  hver. 
The  calcareous  ring,  surrounding  the  oesophagus,  is  rather  slender,  and 
much  shorter,  than  in  Anapems  Carolmus. 

I  have  never  seen  the  young  ones  in  the  same  localities  with  the 
adults;  having  found  them  only  about  the  Mangrove  islands,  hidden 
under  old  logs  lying  in  the  water.  They  are  of  a  lighter  color  than 
the  old  individuals. 

Genus  Chirodota — Eaehach, 

This  genus  is  characterized  by  the  want  of  feet,  and  the  presence  of 
small  tentacles,  fifteen  in  number — at  least  in  those  specimens  I  have 
examined.  Dr.  A.  A.  Gould  has  described  erne  species,  under  the 
name  of 

5.  Chifrodota  arenata,  (Gould,)  of  Vhich  I  have  found  several  speci- 
mens, after  storms,  on  Chelsea  beach,  near  Boston.  The  tentacles  I 
found  to  be  fifteen  in  number ;  small,  soft,  and  divided  into  ^ye  lobes. 
The  calcareous  ring  is  composed  of  five  bifid  plates.  The  calcareous 
parts  of  the  skin  are  in  the  shape  of  plates,  with  hexagonal  holes. 
T^e  ovaries,  and  respiratory  branched  tubes,  are  of  large  size.  The 
madreporic  plate  is  also  found  in  the  same  position  as  in  Anaperus  and 
Coiochims.  The  stomach  is  also  muscular,  as  in  those  two  genera; 
though,  apparently,  not  so  strongly. 

I  would  (provisionaUy)  place  in  this  genus  a  Holothuria  of  which 
I  have  never  seen  any  perfect  specimen.  They  were  all  taken  from 
the  stomachs  of  fish,  and  deprived  of  all  their  internal  organs.  I  would 
propose  calling  it 

6.  CMredala  odiHca,  (Pourt.) — Dr.  A.  A.  Gould*  mentions  Ihis  spe 

*  Report  on  the  Invertebrata  of  MasBacbmettB.    1841:  p.  34&    . 
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cies,  under  the  head  of  BblothuriaperUactes;  remarking,  at  the  same  time, 
that  it  was  not  determined  with  certainty.  I  never  could  discover  any 
trace  of  suckers.  The  specimens  which  I  have  got  from  the  stomachs 
of  fishes  are  about  five  or  six  inches  long,  and  very  much  contracted. 
The  five  longitudinal  muscles  are  marked,  on  the  outside,  by  furrows. 
The  mouth  is  surrounded  by  fifteen  small,  short,  soft,  and  simple  ten- 
tacles. The  calcareous  oesophageal  ring  is  almost  entirely  gone  with 
the  intestine.  The  skin  is  studded  with  an  enormous  quantity  of  small, 
rounded,  ovate,  calcareous  bodies,  of  a  reddish  brown  color,  when 
seen  under  the  microscope.  On  dissolving  in  acids,  they  show  a  concen- 
tric structure.  The  skin  is  filled  with  them  to  a  considerable  depth,  and 
acquires  from  them  a  brownish  purple  color.  At  about  a  quarter  of 
an  inch  from  the  mouth,  their  number  diminishes,  so  that  the  tentades, 
and  a  small  surrounding  area,  are  deprived  of  them,  and  have  a  white 
color,  in  specimens  preserved  in  alcohol. 

Genus  Stnapta — Eachsch, 

The  genus  Synapta  differs  from  the  typical  Holothurise,  by  the  fact 
that  the  quinary  arrangement,  which  is  always  constant,  and  very  evi- 
dent in  the  latter,  is  somewhat  lost  in  Synapta.  This  arrangement  is 
still  preserved  in  the  number  of  the  longitudinal  muscles.  But  the 
tentacles  are  twelve  in  number,  as  also  the  pieces  composing  the  oeeso- 
phageal  ring.  The  respiratory  tree  is  completely  wanting.  It  is  one 
of  the  so-called  aberrant  types  of  Milne-Edwards,  atid  one  of  the  de^a- 
ded  ones  of  Quatrefages. 

This  genus  has  a  representative,  very  common  on  the  sandy  and 
muddy  shores  of  Massachusetts,  where  it  lives  buried  in  the  ground, 
between  high  and  low  water  mark. 

7.  Synapta  Oirardii,  (Pourt) — It  bears  a  strong  resemblance  to  the 
European  species  S,  inhcerens  and  S,  Duvemea,  The  only  difference  I 
can  find  between  it  and  the  latter,  is  in  the  shape  of  the  little,  micro- 
scopic, anchor-like  hooks,  found  within  the  skin.  They  are  less  curved 
than  those  of  S,  inhcerens,  figured  by  Messrs.  Diiben  and  Koren,  and 
the  perforated  plates  on  which  they  are  supported  are  more  rounded. 
From  S.  Duvemea  it  differs  in  having,  also,  the  hooks  less  curved,  and 
besides,  in  being  provided  with  shorter  tentacles.  Lately,  I  discovered 
two  other  species  of  the  same  genus,  at  Cape  Florida,  and  which 
appear  to  be  new  to  science. 

8.  Spuipta  viridis,  (Pourt.) — Body  elongated,  the  size  of  a  quill, 
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three  or  four  inches  long ;  of  a  dark  green  color,  with  whitish  spots ; 
tentacles  lighter,  twelve  in  nnmber,  elongated,  feather-shaped,  and 
possessing  about  ten  branches  on  each  side,  occupying  nearly  the  ter- 
minal half  of  the  tentacle.  At  the  base  of  each  tentacle,  and  toward 
the  mouth,  there  are  two  dark  specks,  composed  of  a  black  pigmentum, 
(eyes?)  The  skin,  when  examined  under  the  microscope,  exhibits 
perforated  plates,  and  anchor-shaped  bodies,  similar  to  those  of  the 
northern  species:  the  only  diflference  is,  that  they  appear  larger. 
Found  among  bunches  of  sea-weeds,  in  Biscayne  Bay,  Florida. 

9.  Synapta  roH/eraf  (Pourt.)  —  Same  bulk  as  preceding;  body, 
however,  shorter.  Twelve  short,  thick,  palmated  tentacles,  divided 
into  eight  or  ten  branches,  of  which  the  middle  ones  are  the  longest. 
Skin  transparent,  of  a  light  purplish  color,  covered  with  white,  wart- 
like spots.  Tentacles  whitish,  with  similar  spots  on  their  base.  The 
five  longitudinal  muscles  are  seen  as  purple  bands.  A  very  young 
specimen  has  only  four  branches  to  its  tentacles,  and  has  white  warts 
arranged  regularly,  in  longitudinal  rows,  alternating  with  the  muscles. 
The  skin  contains,  in  the  white  warts,  great  accumulations  of  calcare- 
ous bodies,  in  the  form  of  very  regular  wheels,  each  having  six  spokes ; 
a  beautiful  object  under  the  microsc(^e.  Each  wart  contains  about 
eighty  or  one  hundred  of  them,  of  all  sizes;  the  largest  having  a 
diameter  of  about  ^777  ^^  ^^  ^^<^^*  '^^^  ^^^  ^^^^  contains  small  cal- 
careous, elongated  bodies,  in  the  form  of  those  we  have  observed  in  the 
conical  papillae  of  ff.  Floridcma,  This  species  lives  in  the  interstices 
of  the  branches  of  a  coral,  which  occurs  on  shoals  in  Biscayne  Bay, 
Florida.  I  have  kept  alive  this  species,  and  the  preceding  one,  in  a 
glass  jar,  along  the  sides  of  which  they  would  climb,  actively,  by 
means  of  the  tentacles ;  the  body  hanging  down  in  the  water.  The  8, 
viridis  seemed  to  be  the  most  active,  owing  to  its  longer  tentacles. 
They  seemed  to  adhere  to  the  glass  by  the  outside  surface  of  the  ten- 
tacle and  ito  branches. 

It  will  thus  be  seen,  that,  of  the  HolothurisB  of  the  Atlantic  coast  of 
the  United  States,  we  know  only  eleven  species,  whilst,  in  England, 
Ed.  Forbes  enumerates  fifteen  of  them.  A  similar  disproportion 
exists  among  Echini' and  Asteriae.  A  table  given  by  Forbes,  repre- 
senting the  distribution  of  Echinodermata,  may  explain  this  fact.  Of 
the  British  Holothuria3  one  species,  only,  is  littoral ;  five  are  from  the 
laminarian  region,  and  nine  from  the  coralline  region.  Here  we  only 
know  the  littoral  species,  and  those  accidentally  thrown  up  by  storms. 
The  laminarian  and  coralline  regions,  or  rocky  bottom,  are  almost  a 
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terra  inco^rniia.  They  would  yield  a  rich  crop  to  the  naturalist  who 
would  investigate  them  by  naeans  of  the  dredge,  or,  perhaps,  with  bet- 
ter advantage  with  the  drag,  an  instrument  figured  in  Forbes*  **  His- 
tory of  British  Starfishes." 

Two  species  more  are  described  by  Troschel*  as  inhabiting  Labra- 
dor ; — Anaperus  dgaro  and  Orcula  Bartkii,  which  I  mention,  here,  as 
belonging  to  the  American  fauna. 

6.  Notice  of  two  Ancient  HtJMAN  Skulls,  and  other  Bones,  found 
IN  A  Cave  near  Elyria,  Lorain  Co.,  Ohio.  By  Charles  Whittle- 
sey, Jr. 

Mr.  Whittlesey  produced  the  crania,  the  cavity  of  the  brain  in  both 
entire,  showing  all  the  developments.  He  remarked  that  it  was  evident 
that  both  of  them  belonged  to  persons  of  very  low  inteUectual  force, 
having  low,  narrow,  and  shallow  foreheads ;  and  that  the  animal  pro- 
pensities were  largely  developed.  Prof.  Agassiz,  who  saw  them  a 
moment,  thinks  they  belong  to  the  present  race  of  Indians.  What 
renders  them  worthy  of  notice,  is  the  fact  that  they  are  unquestionably 
ancient ;  and  if  skulls  of  Indians,  it  will  be  proven  that  that  race  has 
long  been  the  occupant  of  this  region. 

If  they  are  not  Indian  crania,  and  belong  to  another  race,  it  becomes 
interesting  to  decide  to  what  race,  and  thus,  whether  they  belong  to  the 
''Mound  builders."  They  are  presented  for  consideration  on  these 
grounds. 

The  position  of  the  skulls  was  such  as  to  give  them  a  probable  age 
of  2,000  years. 

The  rock  which  causes  the  Falls  of  Black  River,  at  Elyria,  is  the 
"grindstone  grit'*  of  the  Ohio  Reports,  whose  true  geological  posi- 
tion is  not  yet  fixed.  It  is  an  imperishable  coarse-grained  sandstone, 
without  pebbles ;  and  the  only  fossil  yet  recognized  is  a  fish  with  a 
heterocercal  tail,  not  yet  classified.  Its  equivalent  in  the  New  York 
system  is  not  determined,  but  is  referred  generally  to  the  Chemung 
and  Portly  group.  It  is  about  200  feet  below  the  conglomerate  of 
the  coal,  usually  about  40  feet  thick,  but  here  it  thickens  downward, 
displacing  some  of  the  subordinate  beds,  so  that  it  appears  to  rest  on 
what  are  now  considered  the  Hamilton  shales  of  New  York,  or  the 
"  black  slate"  of  the  Ohio  Reports.     The  lower  face  of  ih»  grit  is  here 

*  Wiegmann's  Arcfalv.,  1846, 1,  pp.  63  and  64. 
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about  30  hti  ibore  Ihe  bed  df  Bkok  Hlrcir,  md  ibe  fiver  Is  8uppofi($4 
to  be  60  feet  above  the  lake,  making  90  f«0i-^^  murfaic^  ^  the  fMh 
being  about  140  feet  above  the  lake. 

Oh  aeeoimt  of  tlie  hatrd  mA  impeiisbiible  native  of  the  gtit/  H  fe^ts 
ihe  wearing  aatk>n  of  the  elemeHt^ ;  and  the  blMk^  ot,  ih  toAie  plaeelf^ 
the  ted  shale  beneaith  it^  being  soft,  th«re  are  in  eoiisequdt()e  AumefotW 
eaves  md  sheltered  plu^oes^  whei^  the  sand  rook  projeets  fyt  over  th« 
base.  It  was  in  one  of  these  places  tikat  the  skulls  lay,  eoVer^  bf 
/our  feet  of  the  accumulated  bones  and  earthy  remains  of  wolves, 
bears,  deer,  rabbits,  squirrels,  fishes,  reptiles,  snakes,  birds,  and  other 
creatures  not  yet  determined.  Every  .shovel  full  thrown  out  contained 
more  or  less  of  the  bones,  teeth,  jaws,  scales,  etc.,  of  animals,  until 
finally,  at  the  bottom,  resting  on  clean  yellow  sand,  the  parts  of  three 
human  skeletons  were  ftmnd  lybig  in  confiasiofi,  as  though  they  had 
perished  or  been  placed  there  violently,  and  not  by  a  process  of  burial. 

Although  the  place  wsls  perfectly  sheltered  from  the  weather,  and 
dry,  the  bones  were  so  much  decayed,  and  were  so  porous,  that  they 
wov^d  scftreely  bear  tleir  otv^  If  eight  i  Und  it  irad  oiAf  aftef  they^.had 
been  carefully  dried,  and  then  saturated  with  glue,  by  Prof.  Braintfhl, 
ikftt  he  could  piit  Ihe  frsi^eiits  of  the  iktSi  in  phE6e  ai  they  are  now 
seen.  Otte  i»  evideMly  that  of  tt  feihAle,  of  twd^i*  sfee,  ^d  tery  6(A. 
The  other,  Of  a  male  befo^r  the  &g«  of  majority,  ii^hich  hM  betted 
mental  developments  than  the  female.  Of  tlie  QiStA  siel6toii,  oklf 
seme  ribd  ^tid  a  few  oihei''  fragtneiEits  were  fotitad. 

It  appeared  a^  though  Khey  had  beeft  kiHed  by  the  falfittg  6f  ioln^ 
loose  rocks  from  the  roof,  wMle  they  lay  asleep-  itL  the  catVe.  A  stdtif^f 
ef  50  or  60  potmds  weigfrt  by  cm  th«  he^  of  one  tft  theVtf,  lUid  ft  still 
krget  pte^^  OH  ilte  biieast  of  the  other. 

The  substfti^te  whieh  trad  aecutbiulaie^d  abbve  thexh  tiras  priucipdly 
ihe  £rt  and  earthy  powder  of  aniiiiAl  remahis,  ahd  their  boHes,  Vith 
which  were  occasional  remnants  of  fires  and  burnt  stones. 

Indian  arrows  of  flint  were  found  from  top  to  bottom.  The  skulls 
by  At  I3ie  femot^st  p&rt  of  the  Oetve,  tttid  i#ere  left  there  before  it  #as 
occupied  by  men.  It  is  probable  that  the  human  remitliM  #eri6  tft  fitisC 
covered  by  the  remnants  brought  by  animals  into  the  place,  and  that 
lit  -W^  used  sibo  for  shelt^,  taxS  ^  |9la^  hf  coo&hig,  by  WhoeVei* 
inhabited  the  country  previouii  tb  l!he  #hifed.  The  extent  of  sheltered 
space  filled  with  bones,  is  about  15  feet  by  50 ;  and  as  very  little  vege- 
tthh  ttaftter  itnsi  found  in  it,  thc^  a^eutnill^troil  itatust  have  beeli  due 
plftteip^y  to  ike  residue  of  auiUi^ls,  attd  condequeiitly  itmt  hat^ 
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hrmed  very  slowly.    This  residue  has  a  light,  ashy  consistency,  like 
guano,  and  a  fist,  greasy  feel. 

A  communication  was  then  presented  from  a  Comnuttee  of  the  Ohio 
Mechanics'  Institute,  oflfering  to  the  Association  the  use  of  their  Hall 
on  and  after  9  A.  M.  of  to-m(NTow.  The  offer  was  accepted,  and  the 
meetmg  adjourned  to  meet  in  the  Hall  of  the  Ohio  Mechanics'  Institute 
at  9  A.  M.,  of  Tuesday,  May  6. 


SECOND  DAY:    TUESDAY,  MAY  6,  1851. 
(Maminff  Session.) 

Thx  association  met  in  the  HaU  of  the  Ohio  Mechanios'  Institute,  at 
9  A.  M. 

The  following  gentlemen  were  elected  members  of  the  Standing 
Oommittee,  under  the  rules ;  Prof.  B.  Peirce,  Prof.  L.  Agassic,  Prof. 

0.  M.  Mitchel,  Capt.  Charles  Wilkes,  U.  S.  N.,  Wm.  C.  Bedfield,  Esq., 
and  Jos.  G.  Anthony,  Esq. 

A  letter  from  Mr.  L.  (^rosyenor,  in  relation  to  the  geological  sur- 
vey of  Illinois  was  read,  stating  that  an  appropriation  of  $3000  had 
been  made  for  this  purpose,  by  the  Legislature. 

The  committee  on  Prof.  Mitchel's  method  of  recording  astronomical 
R.  A.  and  N.  P.  distances,  was  increased  by  the  addition  of  Capt. 
Chas.  Wilkes,  S.  C.  Walker,  Esq.,  and  Prof.  J.  H.  C.  Cofl&n. 

The  assessment  on  members  for  the  meeting,  was  fixed  at  three 
dollars. 

Prof.  MiTOBBL  was  then  called  to  the  Chair,  and  the  fcdiowing 
papers  presented : 

1.  Ov  THS  Constitution  of  Saturn's  Ring.    Bt  Prof.  B.  Pkirok, 

^  of  Harvard  University. 

A  memoir  upon  this  subject,  by  Mr.  George  P.  Bond,  was  read  to 
the  American  Academy  of  Arts  and  Sciences,  upon  the  IGth  April, 
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and  was  the  occasion  of  the  present  inyestigation.  Since  Mr.  Bond's 
paper  is  still  unpublished,  I  shall  be  obliged  to  make  constant  reference 
to  it,  and  even  recapitulate  some  parts  of  it,  in  order  that  the  proper 
relation  of  the  two  paths  of  research  may  be  correctly  under^ttood. 

1.  The  author  of  the  Mecanique  Celeste,  proved  that  Saturn's  Ring, 
regarded  as  soMd,  would  not  be  sustained  about  the  primary,  unless  it 
had  decided  irregularities  in  its  structure.  But  the  observations  of 
Herschel  and  others  have  failed  to  detect  any  indication  of  such  irreg* 
ularity,  and  a  laborious  series  of  observaticHis  has  finally  convinced 
Mr.  Bond  o€  the  utter  improbability  of  any  important  irregularities, 
and  he  has,  therefore,  adopted  the  conclusion  that  Saturn* 8  Bia^  is  not 
mdid  hUftuid,  Mr.  Bond's  argument  is  chiefly  derived  from  observa- 
tion ;  whereas  a  new  investigation  of  the  mechanical  conditions  of  the 
problem  has  led  me  one  step  further.  I  am  now  convinced  that  there 
is  no  eonceivaUe  form  of  irregulanty  0»d  no  comJbinoJtion  qf  irreptUarities, 
amsistent  roith  an  actual  ringy  which  would  permit  the  ring  to  he  perma- 
neaUy  mokUained  by  the  primary  if  it  were  solid.  Hence  it  follows, 
independently  of  observation,  that  Saturn's  Bing  is  not  solid.  And 
now  it  is  worthj  of  remark  that  if  we  adopt,  as  the  basis  of  calcula- 
tion, the  mass  of  the  ring  which  was  determined  by  Bessel,  the  thick* 
ness  from  Bond,  and  the  other  dimensions  from  Struve,  we  shall  find 
the  density  to  be  about  one-fourth  more  than  water.  So  that  the  ring 
consists  of  a  stream,  or  of  slveams  of  a  fluid  rather  denser  than  water, 
flowing  around  the  primary. 

2.  Mr.  Bond  next  undertook  a  series  of  very  ingenious  and  novel 
computations,  in  order  to  determine  frt)m  theoretical  considerations 
alone,  whether  the  ring  was  one  or  many,  and  arrived  at  the  remark- 
able result  that  neither  of  these  hypotheses  was  tenable.  He  is,  there- 
fore, disposed  to  reconcile  the  discrepancies  of  observation  in  this 
respect,  by  supposing  the  constitution  of  the  ring  to  be  variable ;  and 
that,  although  the  principal  division,  which  has  been  always  observed, 
is  permanent,  the  other  divisions  are  constandy  annihilated  by  the  mutual 
concussion  qf  the  rings,  and  again  reproduced  by  eome  process  which  he 
does  not  undertake  to  define.  This  bold  theory  is  fully  sustained  by  my 
own  analytical  investigatiims,  and  not  only  do  my  researches  exhibit 
the  possibility  of  this  strange  phenomenon,  but  they  even  show  the 
precise  mode  of  action,  and  how  it  must  be  in  the  case  of  nature.  If 
the  ring  had  been  originally  one,  it  would  soon  have  subdivided  itself 
at  definite  points,  which  can  be  exactly  computed,  into  portions  of 
a  determinate  width.    The  disturbing  causes  must,  however,  drive 
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these  separate  rmgs,  sooner  or  later,  against  each  other.  There  must 
then  follow  an  interchange  and  crossing  of  currents,  a  mntnal  r«tardar 
tion,  a  momentary  state  of  eqniUbrinm,  as  one  ring,  and  then  another, 
breaking  up,  when  the  same  process  woinld  be  repeated  hi  endless 
succession. 

3.  But  even  a  fluid  ring  would  not  be  permanently  retained  by  the 
direct  action  of  the  primary.  For  whatever  may  be  its  figure,  the 
Telocity  of  its  currents  must  be  slower  at  the  points  which  are  more 
remote  from  the  planet;  so  that  there  must  be  an  accumulation  of 
fluid  at  these  points.  An  exact  analysis  shows  that  the  accumulation 
precisely  balances  the  greater  distance,  and  hence  the  ring  i«  attracted 
equally  in  every  direction.  The  regulating  action  upon  the  BootioB  of 
the  center  of  gravity  is,  therefore,  cancelled ;  and  it  must  continue  to 
move  uniformly  in  any  direction  in  which  it  may  have  been  started  by 
a  foreign  influence.  It  must  more  on  until  it  is  destroyed  by  striking 
the  surface  of  the  planet.  How  has  Satum^s  Ring  escaped  this  catas- 
trophe ?  Simply  because  the  disturbing  forces  have  counteraeted  t^ir 
own  efifects.  The  satellites  are  constantly  disturbing  the  ring ;  but,  is 
the  very  act  of  perturbation,  they  are  sustaining  it  in  its  place.  Their 
sustaining  action  is  not  negative,  but  positive ;  and  without  satellltefl 
there  could  be  no  ring.  The  theory  of  this  curiously  sustaining  power 
may  be  variously  illustrated.  In  the  first  place,  each  particle  of  the 
ring  may  be  regarded  as  a  satellite,  which  the  other  satellites  disturb 
in  the  usual  way.  Thus  the  mean  distance  from  Saturn  is  not  varied 
in  the  least,  and  the  disturbance  of  the  eccentricity  can  only  reach 
certain  definite  limits,  after  attaining  which  it  must  (fiminish.  Secondly, 
in  consequence  of  the  attraction  of  its  satellites,  Saturn  describes  no 
orbit  about  the  common  center  of  gravity  of  the  system ;  each  partiele 
of  the  planet  tends  to  move  in  this  same  orbit.  The  center  of  gravity 
of  the  ring,  must,  likewise,  tend  to  describe  nearly  this  same  orbit, 
and  its  orbit  would  be  precisely  the  same,  if  the  attraction  of  the  rii^ 
for  the  satellites  were  the  same  as  if  its  mass  were  accumiriated  at  ita 
center  of  gravity.  But  the  deviation  may  be  safely  neglected,  and 
referred  to  the  class  of  periodical  perturbations* 

4.  It  follows,  then,  that  ne  planet  can  have  a  ring,  unless  it  ia  sur- 
rounded by  a  sufficient  number  of  properly  arranged  satellites.  SaAifirn 
seems  to  be  ^e  only  planet  which  is  in  this  category,  and  it  is  the  aefy 
one,  therefore,  which  could  sustain  a  ring.  Our  Sun,  also,  doea  not 
appear  to  have  its  satellites  properly  disposed  for  supporting  a  ring ; 
and  the  only  part  of  the  system  where  such  a  phenomenon  might  have 
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been  reasonaUjr  expected,  is  just  tHttim  the  powerful  maes  ot  Jupiter. 
But  had  theM  been  a  ring  at  th]»  part  of  the  system,  it  must  have 
been  aubject  to  such  eztraordinarj  perturhntions,  that  it  would,  in 
the  course  of  time,  faaie  been  Yibrated  up  agunst  the  next  interior 
planet,  Man :  and,  in  this  way,  ha^e  been  brokm  into  asteroids.  The 
orlnts  of  planets  formed  under  such  oircumstanoes,  would  have  been 
naturally  charaeterixed  by  great  ecoentrioity. 

6.  But  suj^ose  that,  from  any  cause  whatever,  the  Sun  had,  at 
aome  period,  been  snrrmuMied  by  a  light  ring  comparable  in  levity  to 
the  zodiacal  light ;  and  in  order  to  escape  the  j^anetary  influences,  we 
may  suppose  the  plane  of  the  ring  to  have  had  a  large  inclination  to 
the  ecHptio.  The  result  would  have  been  that  the  center  of  gimvity  c€ 
the  ring  wovld.  have  soon^  begun  to  move  in  wmte  direction  or  other, 
and  have  continued  moving  until  it  was  brought  agunst  the  surface  of 
the  Sun.  But  during  this  motion,  and  in  oonae^enoe  of  ^e  sdar 
action,  the  matter  of  the  ring  would  have  accumulated  at  the  most 
remote  part;  ao  that  if  the  Sun  were  a  m^re  point,  it  would  have  hap- 
pened that,  at  the  very  instsBDt  of  its  expected  meeting  wiA  the  ring» 
the  whole  ring  wovkL  have  eseaped  fr(Hn  the  point  of  contact  The 
ttpeximeat  of  Tantalus  woold  have  been  performed  on  a  grand  scale, 
and  the  ring  would  have  been  instantaneous^  transformed  into  a 
eomet  in  its  aphelion. 

^,  If^  howefer,  the  ring  were  supposed  to  be  a  large  gaseous  mass 
of  a  circular  fignre,  the  condensation,  which  Would  occur  at  the  point 
of  aphefion  might  soon  lead  to  chemical  action.  Precipitation  might 
ensue,  and  the  necessary  consequence  would  seem  to  be  a  continually 
aeoeterated  ccnnmunication  at  this  point,  which  would  terminate  in  the 
prodnetion  of  a  planet 

Pro£.  UiTOHB.  asked.  Aether  there  was  not  a  possibility  that  this 
aUeged  fluid  ring,  in  ita  dianges  of  configuration,  might  run  into  a 
tmd  sufficiently  thin  to  give  the  possibility  of  the  transmisaon  of  light 
through  it  If  it  really  change  its  form  and  become  several  rings,  it 
seemed  that  in  the  act  of  passing  from  one  single  ring  to  two,  before 
it  divided,  it  must  become  so  thin  as  to  allow  the  li^t  to  penetrate 
and  c<»ie  to  us  refracted.  If  this  should  prove  to  be  the  case,  the 
Professor  considered  it  of  the  utmost  importance,  and  every  observer 
ahoukl  carefully  observe  the  occultations.  He  considered  it  a  very 
strange  and  cnrious  doctrine. 

Proi  Pxmon  relied  that  it  was  of  course  almost  impossible  to 
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answer  the  question  of  Prof.  Mitchel.  He  supposed,  however,  that  at 
the  moment  of  separation  a  sinking  takes  place,  producing  a  depres- 
sion at  the  point  where  ^%  separation  takes  place,  and  that  rapidly 
after  it  begins,  it  goes  on  to  the  reduction  of  two  rings.  It  was  doubt- 
ful whether  the  refiraction  would  be  suffici^t  to  reach  the  earth. 

Prof.  ScHAEFFKR  proposod  a  query,  whether  the  precipitation  of  so 
large  a  body  of  water  as  had  been  determined  by  Prof.  Peirce,  upon 
thte  body  of  Saturn,  would  not  be  likely  to  produce  a  deluge  ? 

Prof.  PiBBOB  said  the  larger  portion  of  the  fluid  had  probably  gone 
off,  leaving  but  a  small  part  in  contact. 

2.   Ok  the  Aob  or  the  Sandstonb  or  Lasb  Supbriob,  with  a  Dbs- 

CRIPTION  OF  THB  PHENOMENA  OF  THE  AsSOOIATION  OF  lONBOTTS  ROOKB. 

Br  Messrs.  Foster  and  Whitnet,  XJ.  S.  Geologists  for  the  Lake 
Superior  Land  District. 

The  true  geological  position  of  this  sandstone,  has  often  been  the 
subject  of  discussion ;  and  various  are  the  opiniims  which  have  been 
given  by  different  geologists  on  this  point.  Captain  Bayfield  was  the 
first  to  explore  this  formation,  while  conducting  the  Trigonometrical 
Survey  of  Lake  Superior.  In  an  article  in  the  Quarterly  Journal  of 
the  Geological  Society  of  London,  for  November,  4846,  "on  the  junc- 
tion of  &e  Transition  and  Primary  rocks  of  Canada  and  LabradOT," 
he  remaiks,  ''No  organic  remains  have  as  yet  been  found  in  the  sand- 
stone, and  its  junction  with  the  Lake  Huron  limestone  in  the  River  St. 
Mary's,  below  the  rapids,  being  hidden  by  drift,  water,  or  an  almost 
impervious  forest,  so  as,  hitherto,  to  have  escaped  notice,  it  is  difficult 
to  determine,  with  any  confidence,  its  place  or  age.  There  seems  to 
be  no  reason  to  think  that  it  can  be  more  recent  than  the  old  red 
sandstone ;  and  when  it  is  considered  that  it  appears  in  the  St.  Mary's 
at  low  levels,  forming  nearly  horizontal  strata  in  the  bottom  of  Lake 
George,  whilst  the  horizontal  fossiliferous  limestone  of  Sugar  Island 
and  St.  Joseph's  rises  into  higher  ridges,  so  as  to  make  it  appear  Mphlf^ 
proboAU  that  the  sandstone  occupies  the  inferior  position ;  and  thai, 
moreover,  a  sandstone  is  known  v^ry  generally  to  underlie  transition 
limestone,  in  Canada  and  the  United  States  ;-^when  all  this  is  taken 
into  account,  it  is  perhaps  not  unlikely  that  the  sandstone  in  question 
may  belong  to  the  Silurian,  rather  than  the  Devonian  period.  On  the 
other  hand,  its  appearance  in  unworn  slabs  in  the  neighborhood  of 
Michifimaddnao,  where  great  beds  of  gypsum  occur,  would  seem  unfa- 
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Yorable  to  this  conclusion ;  as  may  also,  perhaps,  the  red  marly  beds 
of  the  Twelve  Apostles." 

On  l&e  geological  map  of  townsh^  lines  in  the  northern  peninsula 
of  Mchigan,  sunreyed  by  W.  A.  Burt,  Esq.,  tmder  the  direction  of 
Dr.  Houghton,  in  the  year  1845,  (whioh  is  published  in  the  3d  volume 
of  ^e  documents  accompanying  the  President's  message  for  1849-60,) 
this  sandstone  on  ^e  south  side  of  the  axis,  where  it  crosses  the 
Esconaba  River,  is  laid  down  as  the  Potsdam ;  while  ihe  Calciferous 
aandstoce,  and  the  Birds-eye  and  Trenton  iimestones,  are  represented 
as  overlying  it.  The  8iq)erposition  of  the  rock  from  ihe  mouth  of  the 
Esconaba  to  the  shore  of  Lake  Superior,  was  determined  by  Dr. 
Houghton ;  and  there  is  no  doubt  that  he  had  fuUy  satisfied  himself  as 
to  the  true  position  of  the  rock  along  tiiat  line. 

Dr.  Owen,  in  his  report  on  the  Chippeway  District  for  1848,  pp.  57 
and  58,  remarks,  that  in  the  absence  of  all  conclusive  evid^ice  derived 
from  organic  remains,  there  is  eertainly  strong  presumptive  evidence 
that  the  red  sandstone  marls  were  deposited  subsequently  to  the  car- 
boniferous era. 

Dr.  Jackson,  in  his  report  cosmiunioated  to  the  Land  Office  in  1849, 
and  published  in  the  Sd  volume  of  the  docUmentstaoeompanying  the 
President's  message  for  1849-^50,  describes  Hkis  suidstone,  including 
the  sandstone  of  the  St  Mary's  River,,  ds  the  Mw  Bed,  and  seems  to 
regard  it  as  estabhdied  that  it  can  not  be  the  Potsdam.  In  his  various 
previous  publicaticms  on  the  geology  and  mineralogy  of  the  Lake 
Superior  region,  he  had  expressed  the  same  opinion.  At  a  meeting  of 
^e  Boston  Natural  History  Society,  on  the  2d  of  October,  1850,  he 
expressed  the  opinion  that  the  age  of  all  the  Red  sandstones  of  this 
country  was  questionable ;  that  the  Red  sandstones  of  the  Connecticut 
Biver  Yalky,  Nova  Scotia,  and  Lake  Superior,  were  all  of  the  same 
age,  and  that  "they  were  not  the  same  as  the  New  Red  sandstone  (pro- 
perly so  called)  of  Burqie,  but  belonged  to  the  Slurian  system."  This 
<q»inion,  he  remaiiced,  was  confirmed  by  a  recent  examination  of  the 
fossils  by  Mr.  Wells,  of  Cambridge,  Mass. 

Dr.  Locke,  m  his  rep(»rt  to  Dr*  Jackson  for  1847,  calls  this  sandst^ie 
Hie  '*  Old  Bed,"  but  seems  to  have  had  a  correct  idea  of  its  position 
at  the  base  of  the  Silurian,  although  he  gave  to  it  the  name  of  a  group 
of  rocks  above  the  Silurian. 

Mr.  Foster,  in  his  synapsis  of  observations  between  Lake  Superior 
and  Green  Bay,  pubhdied  in  the  Report  of  the  Commissioner  of  the 
Land' Office  for  1848,  describes  the  sandstone  as  restmg  At  the  base  of 
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the  PalBSoeoie  series,  and  as  the  equivalent  of  thi^t  of  the  northern 
slope. 

That  same  year,  Mr.  Murra.7,  of  the  Canada  Survey,  examined  the 
norUi  shore  of  Ijak^  Huron,  and  satisfied  himself  that  the  sandstone  of 
the  St.  Mary's  and  the  adjacent  region,  parsed  beneath  the  Trenton 
hmestone.  In  reference  to  hk  explorations,  Mr.  Logan  remarks,  ^at 
*^  the  evidence  afforded  by  these  facts  is  clear,  satisfoctory,  aad  indis- 
putably ccmolusive." 

Thus  it  will  be  seen  that  the  most  reliable  observers  had  agreed  on 
the  position  of  the  sandstone  at  the  St.  Mary's  River,  and  on  the 
Sonthem  Slope  of  the  axis,  and  had  correctly  considered  it  as  repre- 
senting the  Potsdam  sandstone  of  New  York,  and  lying  at  the  ba8« 
of  the  lowest  known  fossiliferous  ^oups  of  stratified  rocks.  Other 
observers,  who  had  crossed  the  Lake  from  Sault  St.  Marie  to  Kewee- 
naw Pt.,  and  had  there  seen  the  greatly  increased  tiiickneas  of  the 
sandstone  deposits,  and  the  immense  accompanying  belts  of  conglome- 
rate, had  failed  to  recognise  in  them  the  same  rocks  which  they  had 
seen  lying  nearly  horizontally,  and  exhibiting  no  appearance  of  having 
been  deposited  under  circumstances  indicating  violent  action  of  fire  or 
water.  They  were  at  a  loss  to  understand  how  the  same  fonqation 
^uld,  at  points  not  very  widely  separated  from  each  other,  assume 
oharaoters  so  different.  Add  to  this,  the  uneertainty  arismg  from  the 
total  absence  of  any  organic  remains  in  the  sandstone  and  congbms-^ 
rates  of  Keweenaw  Pt.,  and  we  have  some  reascm  for  the  hesitatioii 
which  was  felt  by  geologists  in  regard,  partioularly,  to  the  age  of  the 
sandstone  of  Keweenaw  Pt.  and  Isle  Boy  ale.  Had  the  same  geologists 
Mice  fully  convinced  themselves  of  the  position  of  this  rock  at  the  fit 
Mary's  River,  and  then  coasted  along  the  southern  shore  of  the  Lake 
to  Keweenaw  Pt.,  they  would  undoubtedly  have  felt  less  hesitation  in 
aekpowledging  that  the  strata  which  they  thus  traced  along,  almost 
continuously,  and  which  they  saw  gradually  expanding  in  thickness, 
and  assuming  a  metamorphio  appearance  as  they  approached  the  line 
of  igneous  rocks,  was  in  reality  nothing  but  the  same  formation  which 
they  had  started  on,  locally  modified  by  a  powerful  cause. 

It  remamed,  then,  for  us,  in  attempting  to  solve  completely  the 
problem  of  the  position  of  the  Lake  Superior  sandstone,  to  traoe  it 
continuously  from  the  River  St.  Mary's  west  to  the  great  axoic  and 
gvanitie  belt;  thence  around  its  southern  side,  where  it  retains  its 
unaltered  eharaoter,  and  also  on  the  northern  slope  of  the  aads,  along 
the  coast  of  Lake  Superior,  as  far  as  our  district  extended,  observing 
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its  changing  duur«cter,  and  cndeaToring  to  trace  out  the  rehition  of 
these  changes  to  the  immense  traj^ean  belt  which  stretches  from  the 
extremity  of  Keweenaw  Pt  to  beyond  the  Montreal  river. 

In  thus  demonstrating,  by  the  evidence  of  superposition,  the  tame 
place  of  the  sandstone  at  the  Bault,  and  along  die  whole  line  of  its 
jimotion  with  the  lower  Silurian*  through  the  whole  extent  of  the 
northern  penin/sula  of  Michigan  to  the  Menomonee ;  in  proving  its  con- 
tinuitj.and  identity  along  the  whole  souihem  shore  of  Lake  Superior; 
and  lastly*  by.  tracing  out  the  changes  it  has  undergone  from  local 
causes  increasing  its  thickness,  and  introducing  immense  beds  of  con- 
glomerate in  the  intercalated  beds  of  trappean  rock,  we  consider  that 
although  the  palasontological  evidence  may  be  wanting  or  obscure,  yet 
there  can  no  longer  be  any  doubt  that  tiiis  sandstone  lies  below  the 
lowest  fossiliferous  members  of  the  Silurian,  in  the  position  of  the 
Potsdam  sandstone  of  New  York. 

We  will  now  proceed  tp  some  of  the  details  of  our  observations  in 
regard  to  the  points  thus  hinted  at ;  and  we  will  first  give  some  facts 
with  regard  to  the  nature  and  position  of  this  formation  on  the  south- 
am  side  of  the  azoio  and  granitic  region,  commenced  at  the  eastern 
extremity  of  our  district. 

At  Sault  St.  Marie,  the  river  £alls  twenty-one  feet  in  the  distanee 
of  a  mile,  over  this  rook,  which  is  exposed  at  the  head  of  the  rapids, 
and  on  the  islands  in  its  bed.  It  is  very  fissile,  of  a  brick-red  color, 
iBtttvpersed  with  light  colored  blot^es.  It  here  dips,  as  observed 
elsewhere,  away  from  the  granite  axis,  which  occurs  on  the  opposite 
or  Oaiiadiaii  side  of  the  river.  The  junction  of  the  sandstone  with  the 
oaicifereus,  is  supposed  to  occur  near  the  southern  end  of  Sugar  Island, 
but  the  accumulationa  of  drift  have  covered  up  the  subjacent  rocks. 
Mr.  Murray,  of  the  Canada  Survey,  has  traced  it  along  the  northern 
shore  of  Lake  Huron,  where  it  i^  seen,  as  in  our  district,  in  a  nearly 
horizontal  position,  filling  up  the  hollows  in  the  quartz  rock  ;  ''  but  in 
many  places^"  he  remarks,  '*the  irregularities  in  this  ancient  bottom 
are  so  great  that  different  members  of  the  fossilifereus  group  come  in 
contact  with  it." 

The  ancient  land,  from  whish  these  arenaceous  beds  were  derived, 
lay  to  the  north-west ;  there  they  acquire  their  greatest  expansion,  and 
tfain  out  aa  traced  to  the  south-east.  It  is  probable  that,  along  the 
St  Mary's  river,  the  thickness  of  the  Potsdam  and  Caloiferous  sand- 
stone combined,  does  not  exceed  a  hundred  feet.    Mr.  Murray  estimates 
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the  fonner  at  forty  feet,  but  does  not  seem  to  have  recognized  the  latter 
in  this  part  of  his  district. 

The  south-westerly  prolongation  of  this  sandstone  along  the  southern 
side  of  the  granite,  the  eastern  termination  of  which  is  near  Chocolate 
River,  is  to  be  traced  along  at  various  points,  but  obscurely,  owing  to 
the  heavy  accumulation  of  drift  materials  upon  it.  Mr.  Burt  describes 
it  as  a  coarse  quartzose  rock,  generally  red,  but  in  some  places  mottled, 
and  in  others  of  a  yellowish  color.  Near  the  Menomonee,  it  is  seen  in 
a  nearly  horizontal  position,  with  isolated  patches  of  the  Caldferous 
sandstone  superimposed  upon  it.  Where  it  crosses  the  Menomonee, 
the  belt  is  about  fourteen  miles  in  width,  and  it  has  a  gentle  dip,  cor- 
responding with  the  inclination  of  the  country,  since  the  subjacent 
slates  and  the  associated  igneous  rocks  are  exposed  in  the  bed  of  the 
river  for  ten  miles  after  the  sandstone  is  intersected.  All  along  this 
distance  the  sandstone  rests  with  a  gentle  dip  to  the  south-east,  not 
exceeding  three  degrees,  cm  the  vertical  edges  of  the  slaty  rocks,  and 
the  compact  and  crystalline  igneous  rocks,  which  are  intercalated  among 
them.  The  sandstone  is  generally  white>  or  slightly  tinged  with  red^ 
and  exceedingly  friable,  being  composed  of  grains  of  quartz,  slightly 
rounded,  and  sometimes  presenting  crystalline  facets,  which  are  united 
together  with  hardly  any  trace  of  cement.  In  fact,  the  rock  often  con- 
sists almost  wholly  of  pure  quartz,  as  is  shown  by  an  analysis  of  a 
specimen  from  the  White  Eapids  of  the  Menomonee,  which  yielded 
99.7  per  cent,  of  silica,  the  remaining  .3  being  alumina,  with  a  trade  of 
peroxide  of  iron  and  lime. 

As  far  as  observed  on  this  side  of  the  dbtrict,  this  sandstone  appears 
to  be  destitute  of  fossils,  though  LinguUe  were  found  by  Mr.  Hall  on 
the  Esconaba,  at  the  base  of  the  Calciferous  sandstone,  or  top  of  the 
Potsdam ;  also,  a  trilobite,  resembling  one  figured  by  Mr.  Owen,  from 
about  the  same  geological  position,  found  at  Stillwater,  on  the  St. 
Croix. 

If,  now,  we  proceed  from  Sault  St.  Marie  westerly,  along  the  south- 
ern shore  of  Lake  Superior,  we  find  the  sandstone  occasionally  exposed 
at  the  base  of  the  islets  and  in  low  reefe  in  Tequamenon  Bay,  but  in 
general  concealed  by  a  heavy  mass  of  drift,  till  near  the  Pictured 
Rocks,  where  it  presents  a  mural  front  to  the  lake  for  a  distance  of 
between  five  and  six  miles,  and  rises  to  a  hight  of  from  one  hundred 
to  nearly  two  hundred  feet  perpendicularly  from  the  water.  This  line 
of  rock  is  not  by  any  means  continuous  in  a  straight  line,  but  is  broken 
up  by  advancing  and  retreating  masses,  or  worn  into  curved  outlines. 
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In  the  precipitous  diffs  thus  forz^ed,  the  action  of  the  water  at  their 
base  has  hollowed  out  numerous  arched  openings  and  vaulted  cayities, 
some  of  which  are  most  intricately  and  elaborately  formed,  and  of  vast 
dimensions.  The  Grand  Portal,  so  called,  presents  a  front  opening  to 
the  lake  of  a  hundred  feet  in  hight,  and  nearly  one  hundred  and 
seventy  in  breadth  at  its  base.  Within,  it  opens  into  a  magnificent 
dome-shaped  vault,  with  smaller  arched  passages  on  each  side,  present- 
ing on^  of  the  most  grand  and  striking  objects  of  natural  scenery  in 
the  country.  Other  points  of  interest,  which,  though  less  grand  in 
th^  outiines,  are  still  more  curious  in  form,  are  the  Chapel,  a  vaulted 
roof  of  rock,  supported  on  massive  columns,  and  provided  with  a 
curious  niched  cavity  resembling  a  pulpit,  and  an  isolated  tabular  mass 
which  is  called  the  altar,  and  the  Miners'  Castle,  an  isolated  rock, 
worn  into  the  form  q£  a  Gothic  archway  or  portal  of  a  castle.  In  fact, 
ibe  variety  of  strange  and  grotesque  combinations  of  form,  and  the 
beautiful  ornamenting  of  color,  combined  with  the  majestic  forests 
which  crown  the  cliff  above,  at  a  bight  of  two  hundred  feet,  with  the 
pure  and  deep  green  water  of  the  Lake  beneath,  thundering  and  dash- 
ing into  the  hollow  openings,  and  against  the  unbroken  face  of  the 
rocks — all  these  form  together  a  series  of  picturesque  scenes,  unlflce 
any  thing  which  can  be  seen  elsewhere,  and  truly  worthy  of  the  visits 
of  the  lover  of  the  grand  and  beautiful  in  nature.  A  few  fucoidal 
impressions,  first  observed  by  Dr.  Locke,  are  foimd  in  the  sandstone  at 
the  Grand  Portal.  They  are  considered  by  Mr.  Hall  as  plants,  anala- 
gous  to  the  genus  described  by  him  under  the  name  of  PatcBophycus, 
occurring  in  the  Calciferous  sandstone  of  New  York.  These  impres- 
sions, together  with  a  few  specimens  of  Lingula,  found  by  Mr.  Forrest 
Shepherd  in  Tequamenon  Bay,  are  all  the  organic  remains  as  yet 
discovered  in  this  sandstone. 

The  rock  is  in  general  rather  coarse-grained,  the  separate  grains  being 
somewhat  rounded,  and  crumbling  readily  under  the  touch.  The  strata 
have  a  slight  dip  to  the  south-^ast.  Li  many  places,  the  phenomena 
of  cross-stratification  are  finely  displayed — successive  beds  being  made 
up  of  a  great  number  of  finer  layers,  inclined  at  different  angles,  the 
result  of  a  deposition  among  the  shilting  currents  of  shallow  water. 

The  name  by  which  the  Pictured  Rocks  are  known  to  the  voyageurs, 
is  ^'Les  Portculs,"  a  term  derived  from  the  arched  and  portal-like 
cavities  worn  in  the  base  of  the  cliffs.  The  term  ''  Pictured  Bocks,"  by 
which  they  have  been  known  in  the  English  language  for  a  long  time, 
though  by  whom  it  was  first  given  we  have  not  been  able  to  ascertain, 
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alludes  to  the  banded  stripes  of  yarious  hues  of  color,  irhieh  omameiit 
the  lower  part  of  the  clifilB  at  various  points.  These  cdors  which  are 
principallj  deep  shades  of  red  and  brown,  blue,  bluish-gray,  aad 
yellow,  are  arranged  in  parallel  vertical  stripes,  along  some  twenty  <»* 
thirty  feet  of  the  lower  part  of  the  verticid,  or  nearly  vertical,  wall, 
and  are  due  to  the  oozing  out  of  water  charged  with  coloring  matter, 
from  thin  clayey  or  marly  beds  in  the  sandstone,  containing  the  oxides 
of  iron,  and  probably,  copper. 

As  far  as  the  mouth  of  Chocolate  river,  we  find  the  sandstone  con- 
tinuous along  the  coast,  or  it  may  generally  be  found  at  a  short  distance 
back  from  the  lake  ;  when  directly  on  the  shore,  it  is  covered  by  drift* 
Between  Chocolate  and  Carp  rivers,  however,  the  quartz  rock  of  the 
azoic  group  makes  its  appearance,  and  the  sandstone  is  seen  lying 
unconformably  upon  it,  and  filling  the  hollows  and  depressions  in  it. 
The  sandstone  rests  nearly  horizontally  upon  the  vertical  edges  of  the 
azoic  rock,  or,  at  most,  is  slightly  disturbed  and  fractured  near  the 
junction,  indicating  very  little  relative  change  in  the  position  of  ^ 
two  rocks,  since  the  deposition  of  the  newer. 

For  a  distance  of  about  ten  miles,  namely,  to  just  beyond  Granite 
Point,  the  sandstone  is  broken  in  its  continuity,  as  the  azoic  slates  and 
the  associated  igneous  rocks,  occupy  the  greater  portion  of  the  line  of 
the  coast  in  that  interval.  There  is  every  reason  to  believe,  however, 
that  the  sandstone  was  originally  deposited  continuously  around  the 
azoic  rocks  which  occupy  this  space,  since  we  find  patches  of  it  stQl 
remaining,  and  abutting  horizontally  against  the  projectmg  promon- 
tories of  igneous  rocks,  where,  from  its  situation,  it  has  been  protected 
from  abrasion.  At  Presqu'  Isle,  the  sandstone  rests  upon  a  singular 
igneous  mass,  composed  of  a  silicate  of  iron  and  magnesia,  and  con-* 
taining  nearly  ten  per  cent,  of  water.  At  Middle  Island  it  is  seen 
reposing  on  the  granite,  with  an  inclination  of  7^  to  the  S.  £.  Insu- 
lated patches  are  never  met  with  at  a  greater  elevation  than  350  feet 
above  the  lake,  and  hence  we  infer  that  the  more  elevated  portion  of 
the  granites  and  slates  rose  above  the  snrfkce  of  the  ocean,  in  which 
the  sandstone  was  deported. 

Granite  Point  presents  one  of  the  most  instructive  sections  to  be  met 
with  on  the  whole  ooast.  A  dome-shaped  nucleus  of  granite,  (com- 
posed principally  of  quartz  and  feldspar,)  rises  to  the  bight  of  seventy 
or  eighty  feet,  exhibiting,  when  the  overlying  sandstone  haa  been 
denuded,  a  polished  and  rounded  outline,  like  a  reef  by  the  aea-aide, 
over  which  the  surf  has  rolled  for  centuries.    Upon  the  ancient  suifMse 
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the  fiandstone  was  deposited  in  a  nearly  horisontal  position,  although 
many  beds  exhibit  beautiful  instances  of  cross  stratification.  Dykes  of 
greenstone  of  great  magnitude  traverse  the  granitic  mass,  but  do  not 
penetrate  the  sandstone.  Fissures,  however,  are  observed  to  extend 
from  one  rock  into  the  other,  and,  for  a  few  inches  on  each  side  of 
these  eracks,  the  sandstone  has  been  deprived  of  its  coloring  matter, 
so  that  at  a  little  distance  the  rock  seems  to  be  traversed  by  regular 
and  parallel  veins  of  calo-spar.  This  appearance  is  probably  due  to  the 
escape  of  gases  from  below,  which  have  reduced  the  peroxide  of  iron 
to  the  protoxide,  thus  discharging  the  color  on  each  side  of  the  fissure 
for  a  short  distance  into  the  roek  on  each  side. 

From  Granite  Point,  the  sMidstone  extends  uninterruptedly  along 
the  lake  shore,  with  a  width  of  from  one  to  four  mUes,  as  far  as  the 
bottom  of  Keweenaw  Bay,  forming  low  cliffii  on  the  east  side  of  the 
bay.  At  the  Anse  it  is  seen  reposing  unconformably  on  the  slates. 
In  atke  vicinity  of  the  Anse,  the  strata,  wherever  seen  in  place,  are 
nearly  horizontal,  and  they  continue  in  this  position  till  we  arrive  in 
ekwe  proximity  to  the  trappean  rocks  in  B^  Qrise  Bay. 

Having  thus  noticed  some  of  the  more  interesting  facts  connected 
with  the  sandstone,  and  demonstrated  its  eontinnity  of  deposition  as 
one  fonnation  arocaoMl  the  great  central  granitic  and  azoic  nucleus,  we 
shall  now  proceed  to  consider  it  in  its  relation  to  the  contemporaneous 
trappean  rocks  which  accompany  ^  from  the  extremity  of  Keweenaw 
Point  westward,  and  on  Isle  Boyale.  Apart  from  the  influence  of  the 
contemporaneous  igneous  rocks,  in  what  may  be  called  its  normal 
state,  we  have  seen  it  reposing  horizontally,  or  nearly  so,  in  beds  of  a 
granular  quartzose  materid,  mostly  friable,  and  containing  little  i^n. 
We  have  seen  that  the  thiekness  of  the  whole  formation,  did  not 
exceed  100  feet  at  Sault  St.  Marie,  and  that  at  the  Pictured  Rocks  it 
was  not  probably  greater  than  900  or  950  feet,  gradually  increasing 
from  the  east  toward  iAxe  west. 

In  the  vicinity  of  the  trappean  rocks,  on  the  other  hand,  we  find  the 
sandstone  developed  to  a  great  thickness,  and  accompanied  by  wide 
belts  of  cengfomerate ;  we  find  it  becoming  impregnated  with  oxide  of 
ifon  and  calcareous  matter,  aad  intersected  by  numef ous  veins  of  cale^ 
spar  and  baryta,  and  containfng  native  copper  and  its  ores ;  we  find 
it  mterstratified  with  beds  of  igneous  rock,  in  numerous  alternations, 
which  beds  have  successively  flowed  over  its  surface,  and  been  again 
covered  by  sedimentary  material ;  we  find  the  whole  system  of  con-^ 
glomerate,  sandstone  and  bedded  trap,  Kfted  up  at  an  angle  which 
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gradually  increases  as  we  approach  the  central  igneous  mass,  and  from 
which  it  dips  on  each  side. 

We  will  first  briefly  sketch  the  principal  features  of  the  trappean 
rocks,  and  then  pass  on  to  the  consideration  of  the  sedimentary  roclLS 
connected  with  them. 

Commencing  at  the  head  of  Keweenaw  Point,  we  find  the  trappean 
rocks  presenting  a  bold  and  picturesque  front  to  the  lake.  The  outer 
belt,  occupying  the  extreme  northern  portion  of  Keweenaw  Point,  is 
somewhat  less  than  a  mOe  in  width,  and  extends  westerly  about  18 
miles,  to  Sand  Bay,  when  it  is  intersected  by  the  lake  and  disappears. 
Throughout  most  of  this  distance  it  is  protected  from  the  waves  by  a 
broad  band  of  conglomerate  to  the  north,  but  at  several  points  the 
water  has  broken  through  the  sea-wall,  and  excavated  spacious  har- 
bors in  the  igneous  rock:  Ck>pper- Agate,  Eagle  and  Grand  Marais 
Harbors,  owe  their  origin  to  this  cause.  The  belt  of  trap,  though 
traversed  by  veins  containing  copper,  has  afforded  little  encouragement 
to  mining  enterprise. 

About  a  mile  south  of  the  above-described  belt  of  trap,  and  sepa- 
rated from  it  by  a  deposit  of  coarse  sandstone  and  conglomerate, 
which  in  places  expands  to  a  width  of  more  than  3000  feet,  occurs  the 
northern  great  trap  range  of  Keweenaw  Point,  preserving  a  remarkable 
parallelism  throughout  its  course  with  the  other. 

This  range  does  not  appear  to  have  been  the  result  of  one,  but  of 
several  successive  overflows,  for  we  not  only  find  the  igneous  materials 
arranged  in  parallel  bands,  and  exhibiting  great  diversity  of  external 
character,  but  we  also  find  numerous  intercalations  of  conglomerate 
and  sandstone  of  inconsiderable  thickness,  but  extending  for  miles  in  a 
linear  direction,  these  mixed  products  being  associated  in  regular  beds, 
having  a  common  bearing  and  inclination. 

This  range  starts  from  the  head  of  Keweenaw's  Point,  and,  sweeping 
round  in  a  crescent  form,  conforming  nearly  to  the  trend  of  the  coast, 
it  extends  the  whole  length  of  the  Point,  and  crosses  Portage  Lake, 
beyond  which  it  sinks  down>  and  is  covered,  in  a  great  degree,  by 
accumulations  of  drift,  so  that  it  seems  to  lose  its  distinctive  character, 
and  only  appears  above  the  surface  in  occasional  knobs.  It  attains  an 
elevation,  at  its  highest  point,  of  about  800  feet  above  Lake  Superior. 
We  will  illustrate  the  character  of  the  bedded  trap,  and  the  sandstone, 
by  referring  to  the  section  displayed  at  the  Copper  Falls  Mine,  where 
there  are  five  repetitions  of  these  rocks  in  the  space  of  2000  feet ;  the 
beds  of  trap  having  the  thickness,  proceeding  from  north  to  south,  of 
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400,  60,  436,  and  60  feet,  while  the  accompanying  beds  of  sandstone 
are,  respectiyety,  460,  60,  60,  200  and  15  feet  in  thickness.  The  whole 
system  dips  to  the  north,  at  an  angle  of  about  26^.  Between  the 
mouth  of  Eagle  Rirer  and  the  Pheniz  Company's  works,  no  less  than 
eleven  of  these  belts,  thus  intercalated,  are  noticed  within  the  space  of 
about  a  mile. 

It  is  this  northern  range  of  trappean  rocks  in  which  are  situated  the 
productiYe  mines  of  copper  of  Keweenaw  P<Hnt.  The  veins  traverse 
the  formation  nearly  at  right  angles  to  it;  the  mean  of  several  veins 
being,  north,  21^^,  west  — ,  and  some,  if  not  all  of  them,  cut  through 
the  igneous  and  sedimentary  rocks;  undergoing  marked  changes, 
however,  in  the  character  of  the  gangue  and  quantity  of  the  copper,  as 
they  pass  from  one  fonnation  to  another,  or  even  from  one  variety  of 
trap  into  another  adjacent  one,  of  a  different  lithological  character. 

Betuming  to  the  head  of  Keweenaw  Point,  we  find  another  range  of 
trap,  forming  the  southern  boundary  of  the  valley  of  the  Little  Mon- 
treal Itiver,  and  stretching  westerly  in  a  line  nearly  parallel  with  the 
northern  chain.  This  range  differsTfrom  Ihe  other,  both  in  its  lithologi- 
cal character  and  in  its  mode  of  occurrence.  While  the  northern 
range,  as  before  described,  is  made  up  of  numerpus  beds  of  trap,  in 
the  main,  of  the  amygdaloidal  and  granular  varieties,  interstratified 
with  the  detrital  rocks,  the  southern  range  consists  of  a  vast  crystalline 
mass,  forming  an  anticlinal  aids,  and  flanked,  on  the  nortli,  by  the 
bedded  trap  and  conglomerate,  and  on  the  south  by  the  sandstone  and 
conglomerate.  The  conjtour  of  this  unbedded  trap  is  very  different 
from  that  of  the  bedded ;  we  do  not  recognise  in  it  that  stair-like  struc- 
ture, characteristic  of  the  latter.  The  outlines  of  the  hills  being  more 
rounded,  or  dome-shaped.  Its  associated  minerals,  and  ores,  are  dif- 
ferent; it  is  not  characterised  by  veins  of  native  copper,  but  this  metal 
occurs  in  it  as  a  sulphuret. 

Bey<xid  Portage  Lake,  the  trap  range  extends  in  a  belt  of  from  three 
to  twelve  miles  in  width,  in  a  line  nearly  parallel  with  the  coasts  and  at 
a  distance  from  it  varying  slightly,  according  to  the  irregular  curving 
of  the  lake  shore,  but,  generally,  about  ten  or  twelve  miles.  Between 
Portage  Lake  and  Fire-steel  River,  it  appears  rather  in  isolated  knobs, 
and  is  mostly  covered  by  drift,  but  in  the  vicinity  of  the  Ontonagon  it 
rises  again  into  bold  clififs.  Near  Agogebic  Lake,  a  spur  shoots  off  to 
the  north,  gradually  curving  to  the  east»  and  rises  to  a  hight  of  nearly 
1400  feet  in  the  Porcupme  Mountains.  To  the  west  of  Agogebic  Lake, 
the  cliffs  sink  down;  and  though  the  range  preserves  its  course,  and 
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increases  in  width,  it  is  more  broken  in  its  character,  and  rarely  exposed 
in  good  sections.  It  is  not  prodiictive  in  eopper,  here ;  and  the  few 
companies  which  have  attempted  mining  in  the  PorCnpine  Mountains, 
and  in  the  main  trap-range  west  of  Agogebio  Lake,  have  long  since 
abandoned  the  work.  The  best  natural  section  of  the  trappean  roeks^ 
in  the  western  part  of  our  district,  is  afiforded  by  the  Montreal  RiTer^ 
its  western  boxmdary,  where  the  alternations  of  sandstone,  or  shale  and 
bedded  trap,  as  also  the  conglomerate,  are  finely  displayed,  in  a  deep 
gorge  worn  by  the  riyer,  directly  across  the  range. 

The  trappean  rocks  of  Isle  Royale  are  almost  exactly  the  counter^ 
part  of  those  on  Keweenaw  Point,  except  that  they,  with  the  associated 
sandstone  and  conglomerate,  dip  to  the  south.  They  are  characteriied 
by  the  same  banded  structure,  and  contain  the  same  metalUc  products^ 
There  are,  hoWever,  minor  differences.  Different  systems  of  fracture 
are  found  to  prevaQ  on  Isle  Royale,  and  the  conglomerates  are  not 
developed  on  so  grand  a  scale ;  but,  on  both  shores,  the  lines  of  inclina- 
tion converge  to  a  common  center,  farming  a^  deep,  synclinal  vdley, 
which  is  occupied  by  the  waters  of  Lake  Superior. 

Having  thus  briefly  indicated  the  position  of  the  igneous  rocks,  with 
regard  to  the  sedimentary,  we  proceed  to  speak  of  the  modes  of  occur-' 
rence  of  the  latter  elass,  and  the  changes  which  the  two  have  under^ 
gone  in  their  proximity  to  each  other. 

The  ccmglomerates  of  Keweenaw  Point,  and  I^  Boyale,  consist  d# 
rounded  pebbles  and  masses  of  tri^,  almost  invatiably  of  the  amygda^ 
Iddal  variety,  derived,  probably,  from  contemporaneous  lavas,  and 
rounded  fragments  of  a  jaspery  rodt,  which  may  have  been  a  metn^ 
morphosed  sandstcme ;  the  whole  cemented  together  by  a  ^»xk  red  fer^ 
ruginovB  tssmd.  This  cement  may  be  reg&rded  as  a  mixture  of  a  vtA- 
eanic  ash  and  arenaeeott^  particles ;  the  latter  having  been  derived  froav 
the  sandstone  then  in  the  progress  of  accumulaition.  It  is  not  tmnsual 
to  meet  with  strata,  composed  entirely  of  arenaceous  particles,  asso* 
cialed  with  the  oongloinerate  beds ;  and  when  these  expemd  to  a  coi^d- 
ei«ble  thickness,  thw  associated  sandstone  appears  in  alternating  banda 
0i  red  and  white,  and  exhiblta  il^w  traces  of  metaaMOrphism :  but  when, 
the  belts  of  sedimentary  rock  are  ihixk,  and  come  iil  eontact  wiUk  Uie 
trappesK  lodcs,  the  sandstone  \»  converted  into  jasper,  and  becoikiea 
traversed  by  drrisional  planes. 

We  are  strongly  inched  to  iike  belief  that  llie  origin  of  the  oonglo- 
itterate  is  not  due,  sddy,  to  de  action  of  waivea  and  ewrrents,  wln^ 
Iwre  bviken  up,  and  rounded,  and  pofiihed,  the  trappea*  and  jijsp^ 
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masseaof  whicli  ii  »  oomposed:  on  ttie  ocDatrary,  we  believe  iAx^X  the 
greater  portion  of  these  isunente  deposits  are  the  resuk  of  an  igneous* 
raiher  than  an  aqueous  force.  The  rounded  masses,  in  the  e<»glomer- 
atef  often  attain  a  magnitude  of  eighteen  inches  in  diameter^  and  their 
surfaces  do  not  always  present  that  smooth  and  polished  appearance 
which  results  from  the  attritioix  of  wai^ .  In  fact,  a  close  observer 
can,  in  most  cases,  readilj  distinguish  between  those  pebbles  whkh 
hare  been  reeentiiy  detadied  from  the  rock,  and  those  which  have  been* 
lor  a  time»  ezpoaed  to  the  action  of  the  surf.  The  conglomerate  seems 
to  have  been  formed  too  rapidly  to  allow  of  the  8ii|>position  that  their 
origin  was  purely  aqueous ;  for  while  the  contemporaneous  sandstone, 
remote  from  the  line  of  volcanic  aetion,  does  not  exceed  three  or  four 
hundred  feet  m  thickness,  the  united  thidcness  of  the  conglomerate  bands, 
m  the  vicinity  of  the  trap  of  Keweenaw  Point,  ezoeeds  5000  feet.  As 
we  recede,  for  a  few  miles,  from  the  igneous  rocks,  the  conglomerates 
disappear,  entirely,  as  separate  members  of  the  formation,  and  are  only 
fcund  in  very  thin  and  insignificant  patches,  amidst  ^e  sandsUme. 

We  hare  little  hesitation,  ther^ore,  in  adc^tii^  the  views  of  Yon 
Buch,  as  to  the  origin  of  such,  masses  of  rounded  materials  in  the 
vicinity  of  igneous  rocks,  and  consider  them  as  the  result  of  the  friction 
and  mechanical  action  caused  by  the  volcanic  action  along  the  line  ci 
fissure.  We  can  hardly  conceive  of  the  displacement  of  such  enormous 
masses  of  igneous  matter  as  have,  during  a  long  period,  been  flowing 
over  the  depositing  beds  oi  sedimentary  matter,  without  supposing 
violent  dislocation,  and  crushing  of  the  previously  deposited  strata. 
Immense  quaolities  of  material  wx^uld  be  loosened,  and  torn  off,  along 
the  line  of  vofeanie  outburst,  and  would  gradually  become  rounded  by 
friction  against  each  other.  Those  pebbles  which  have  a  vesicular 
structure  may  have  been  ejected  as  seorie,  while  in  a  semi-fluid  state, 
and  have  received  their  rounded  form  while  £slling  through  the  air, 
like  volcanic  bombs.  Whether  it  be  allowed,  or  not,  that  such  con- 
glomerates could  have  been  produced,  solely,  by  igneous  or  volcanic 
action,  it  must  be  evident  to  every  one  that,  in  this  way,  materials 
would  be  heaped  together,  and  broken  up,  so  that,  under  the  action  of 
strong  currents  of  water,  they  wouM  soon  assume  a  rounded  form.  In 
fiust,  these  very  currents  must  have  been  caused,  or  increased  vastly  in 
intensity,  by  the  same  volcanic  action  which  produced  the  igneous  rocks. 

The  conglometate  rodcs  (and  the  same  is  true  of  the  sandstone  in 
the  vicinity  of  the  trappean  rocks)  are  found  to  be  travened  by  diifer- 
ent  sysitems  of  divisoonal  planes,  which  preserve  &  remarkable  degree 
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of  imiformity  in  their  direction,  and  extend  to  unknown  depths.  The 
course  of  the  main  fissure  is  nearly  north  and  south. ' 

The  conglomerates  attain  their  present  development  on  Eewe^iair 
Point,  where  all  the  phen(»nena  combine  to  prove  the  highest  volcanic 
activity  during  the  deposition  of  the  sandstone.  As  we  follow  the 
shore  of  Lake  Superior  westward,  we  find  the  sandstone  gradually 
becoming  more  nearly  horizontal,  and  showing  fewer  signs  of  meta- 
morphism,  as  its  distance  from  the  trappean  rocks  increases;  for  instance, 
in  the  vicinity  of  Salmon-trout  and  Elm  rivers,  where  the  distance  from 
the  Lake  shore  to  the  trappean  range  is  about  six  miles,  and  where  the 
elevation  of  the  latter  is  but  slight,  we  find  the  sandstone  having  a  dip 
of  not  more  than  from  three  to  five  degrees,  toward  the  north,  north- 
west. At  the  base  of  the  Porcupine  Mountains,  on  the  other  hand, 
where  the  trap  approaches  within  a  mile  of  the  coast,  the  sandstone 
dips  30^  to  the  northwest.  Patches  of  conglomerate  are  occasionally 
seen  flanking  the  trap,  along  the  whole  course  of  the  range,  to  the 
Montreal  River,  where,  as  before*mentioned,  it  attains  a  thickness  of 
over  eighteen  hundred  feet.  At  this  point,  the  dip  of  the  sandstone  and 
bedded  trap  is  almost  vertical,  from  Uie  line  of  junction  of  the  trap  and 
sandstone  to  the  Lake  shore.  This  would  indicate  an  enormous  thick- 
ness of  the  sandst(xie  at  this  point,  the  strata  dipping  nearly  vertically, 
for  a  width  of  between  two  and  three  miles;  which  is  an  exception  to 
the  usual  rule,  by  which  we  generally  find  the  dip  of  the  sandstone 
diminishing  rapidly,  as  we  recede  from  the  tn^pean  range.  We  are 
unable  to  explain,  fiilly,  this  anomalous  development  of  the  sandstone 
just  on  the  western  borders  of  our  district.  Perhaps  further  explora- 
tions to  the  westward  will  clear  up  this  point.  We  can,  however,  see  no 
sufficient  proof  that  it  does  not  form  a  portion  of,  or  that  it  is  of  a  more 
ancient  period  than,  the  sandstone  further  east.  It  must  be  noticed, 
however,  that  in  this  part  of  the  district  the  sandstone  is  wholly  con^ 
fined  to  the  north  side  of  the  trap  range;  no  sedimentary  rock  inter* 
posed  between  the  trappean  rocks  and  the  granite  occurring  west  of 
Black  river.  The  belt  of  trappean  rocks,  moreover,  has  a  much 
greater  width  to  the  south  of  the  Montreal  river  than  in  any  other 
point  in  our  district;  a  spur  from  the  east,  of  two  or  three  miles  in 
width,  joming  the  main  range,  which  occupies  a  width  of  about  six 
miles  near  Black  river.  West  of  Montreal  river,  the  trap  recedes  from 
the  Lake  shore,  and  the  sandstones  gradually  approach  horizontahty  m 
their  po6iti<Mi. 

The  alternation  of  tn^  and  conglomerate  which  we  have  described. 
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are,  for  the  most  part,  confined  to  the  north  side  of  the  trappean 
range ;  on  the  southern  slope  these  belts  are  comparatively  rare. 
Where  4he  Bohemian  range  breaks  through  the  incumbent  rocks  at 
Lake  La  Belle,  a  thin  band  of  conglomerate  is  observed,  not  exceeding 
thirty  feet  in  tMcknesSi  and  which  has  been  traced  at  intervals  for  two 
or  three  miles.  The  inclination  is  80^  to  the  south  and  south-east. 
The  whole  mode  of  action  of  the  dynamic  forces  on  the  north  and 
south,  side  of  the  trap  range,  seems  to  have  been  different.  On  the 
north  side,  we  not  only  find  the  bedded  trap,  and  hnmense  deposits  of 
conglomerate  above  described,  which  rarely  occur  on  the  south ;  but 
we  have  a  material  difference  in  the  character  of  the  dip  of  the  sandstone 
in  the  two  slopes.  On  the  north,  the  sandstone  and  conglomerate 
dip  at  angles  rarely  exceeding  40^  in  the  immediate  proximity  of  the 
trap,  and  this  dip  gradually  diminishes  as  we  recede  from  the  center  of 
elevation,  so  that  a  gently  descending  slope  is  fonned,  which  extends 
regolariy  from  the  highest  point  of  the  igneous  rocks  to  the  lake  shore. 
This  is  particularly  the  case  to  the  east  and  west  of  the  Ontonagon, 
where  the  descent  of  400  or  600  feet  from  the  trap  to  the  lake,  is  so  gra- 
dual and  regular  as  to  be  hardly  perceptible.  The  mural  faces  of  the 
trappean  ranges  are,  almost  without  exception,  tamed  toward  the  south, 
and  we  find  the  sandstone  on  that  side  elevated  at  a  high  angle,  dip- 
ping almost  vertically  sometimes,  just  at  the  junction  of  the  two  for- 
mations, but  as  we  proceed  southward,  almost  immediately  becoming 
horizontal  again.  The  appearance  is  as  if  the  strata  had  been  broken 
and  elevated  just  at  the  southern  edge  of  the  igneous  mass  ;  while  but 
at  a  short  distance  from  it,  in  that  direction,  no  disturbing  force  was 
acting  during  their  deposition.  To  account  for  this  phenomenon,  we 
must  suppose  that  the  line  of  igneous  activity  was  along  the  northern 
edge  of  tiie  trappean  range,  and  that  afterward,  during  the  protrusion 
of  the  more  southern  portion  of  ti&e  trap,  that  of  the  Bohemian  Mt. 
or  Keweenaw  Pt.  for  instance,  the  up-hlsaving  action  was  confined 
principally  to  the  region  on  the  north.  Thus,  while  a  gradual  elevation 
of  the  bedded  trap  and  conglomerate  was  going  on  just  north  of  the 
central  fissujre,  a  correspondmg  depression  was  taking  place  stiU  farther 
north,  and  the  reverse  of  ail  these  circumstances  was  taking  place  in  the 
line  of  Ide  Boyale.  The  great  synclinal  trough,  or  basin,  of  Lake  Su* 
porior  was  the  result  of  this  combined  action  of  elevation  and  depression. 
The  changes  which  have  taken  ^lace  in  the  structure  and  lithological 
character  of  the  sandstone  and  trap,  are  of  an  ^tefesting  character, 
and  throw  much  light  on  the  mode  of  formation  of  the  trappean  beds. 
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The  upper  portions  of  the  sheets  of  the  bedded  trap  are  often  highly 
vesicular,  resembling  pumioe.  Fragments  of  amygdaloid,  sometimes 
rounded,  at  others  angular,  are  found  inclosed  in  the  pumice*]ike  trap ; 
as  though  they  had  become  detached  from,  and  afterwards  re-united  to» 
the  mass  while  in  a  soft  state.  Numerous  short  and  irregular  fissures, 
extending  to  no  great  depth,  are  observed  on  the  upper  surface  of  the 
trap,  and  in  which  the  sandstone  has  been  deposited.  At  the  junction 
of  the  two  rocks,  where  the  sandstone  lies  above,  it  is  extremely  difficult 
to  determine  where  one  begins  and  the  other  ends,  and  there  is  litde 
appearance  of  metamorphism  in  the  sedimentary  rock;  but,  on  the 
other  hand,  where  the  trap  is  the  overlying  rock,  the  line  of  juuctioii 
is  clear  and  well  defined.  The  trap  in  this  case  is  more  compact,  and 
the  sandstone,  for  a  distance  of  three  or  four  feet,  is  converted  into  a 
jaspery  mass.  These  phenomena  have  been  observed  at  numerous 
places,  both  on  Isle  Royale  and  Keweenaw  Pt.  The  beds  of  sandstone 
are  not  shattered,  nor  does  the  igneous  rock  penetrate  them  in  the  form 
of  dykes  or  ramifying  veins.  All  the  phenomena  indicate  that  the 
igneous  rocks  were  not  protruded  in  the  form  of  dykes  between  the 
strata,  but  that  they  flowed  like  lava  sheets  over  the  preexisting  surface, 
afid  that  the  sandstone  was  deposited  on  the  surfieice  of  the  igneous 
mass,  in  some  cases,  while  the  latter  was  still  in  an  incandescent  state. 

To  return  now  to  the  evidence  touching  the  geological  position  of 
the  sandstone  of  the  southern  shore  of  Lake  Superior.  We  have  seen 
that  its  continuity  snd  identity  with  the  sandstone  of  Saut  Ste.  Marie, 
and  the  southern  slope  of  the  granitic  axis,  can  not  be  doubted,  while 
the  position  of  the  latter,  at  the  base  of  the  Silurian  series,  has  been 
repeatedly  observed.  Although  no  further  evidence  would,  in  reality,  be 
required,  to  allow  us  to  consider  the  question  settled,  yet  we  have  still 
remsdning,  upon  the  northern  side  of  the  axis,  a  small  deposit  of  lower 
Silurian  limestone,  resting  upon  the  sandstone,  which  effectually  com- 
pletes the  chain  of  evidence;  and  leaves  no  further  doubt  m  the  matter. 

The  whole  of  the  northern  slope  of  the  anticlinal  axis  bears  evident 
marks  of  having  been  subjected  to  extensive  denudation ;  and  hence, 
over  the  greater  portion  of  this  region,  we  look  in  vain  for  traces  of 
limestone  rocks ;  if  they  existed,  tiiey  have  been  swept  away ;  and 
wherever  we  penetrate  through  the  thick  deposits  of  clay  and  sand, 
vwe  find  the  rock  in  place  to  be  sandstone.  A  limited  patch  of  lime- 
:st(Mie  still  remains  west  of  the  Anse,  oocup3ring  a  portion  of  four 
sections  in  township  61,  range  35.  This  limestone  forms  a  bluff  some 
200  feet,  in  its  highest  point,  above  the  surrounding  country,  and  is 
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ike  Mgheiet  land  in  tiiat  regton ;  it  is  distinetly  stultified,  of  a  Mgkt  Imff 
odor,  and  magiie8i%n.  Near  tlie  qiiarter-posi  between  sections  13  and 
14,  in  ike  above  township,  ike  Hinestone  appears  in  a  precipitous 
ridge,  and  is  nearly  horiiontally  Gratified.  It  here  rests  on  ^e  white 
sandstone  belonging  to  the  upper  part  of  the  foimation,  which  has  been 
described  above.  A  litUe  further  south  the  same  limestone  is  seen,  in 
a  bhiff  extencMng  hi  a  curved  line  near  the  Une  between  sections  83  and 
84  ;  here,  however,  it  dips  toward  ^e  east  at  an  angle  of  from  26^  to 
3fP,  fim^ing  cHffli  from  26  to  60  feet  in  bight. 

Frcmi  the  horizontalHy  of  the  firrt  mentioned  deposit,  which  occurs 
about  a  quarter  of  a  mile  to  l^e  north,  it  seems  evident  iksX  the  lime- 
stone ovetlies  the  sandstone,  although  the  position  of  the  inclined  beds 
of  tiie  more  southerly  potion  of  the  limeslone  is  at  first  difficult  to 
explain,  since  the  surromiding  country  is  low,  and  underlaid  by  sand- 
stone in  horisontal  sUrata.  It  seems  evident  that  at  this  point  the  rocks 
have  been  disturbed  and  upheaved  by  igneous  action  beneath,  which 
has  raised  the  strata,  without  any  appearance  of  trappean  rocks  on  the 
8«H*fiiee.  This  view  of  the  ease  is  corrolM^ated  by  the  foot,  tiiat  at  no  great 
distance  from  this  p<Mnt  an  elevation  occurs,  from  which  the  strata  of 
sandstone  dip  on  all  sides ;  and  although  there  is  no  igneous  rock  vinUe, 
yet  it  is  evid^t  that  the  sandstone  has  been  raised  in  a  dome-like  pro- 
tuberance, by  a  mass  of  Igneous  ro^  pressing  upward  from  below.  The 
same  cause  is  indicated  by  the  unusual  disturbance  of  the  magnetro 
needle  in  ttiis  vicinity,  observed  by  the  Imetur  surveyors,  which  is  gene*- 
nSfy  caused  by  the  prosdmity  of  trappean  rooks.  The  isolated  knob 
eafied  SSlret  Mountain,  not  far  distant  from  this  limestone,  i^ords  an 
instance  where  the  tn&p  has  not  only  raised  and  shattered  the  strata,  but 
has  had  suffid^it  force  to  cause  the  protrusion  of  the  igneous  rock> 
and  the  formation  of  an  elevated  conical  knob. 

The  fossil  rem«ns  entombed  in  this  depoeot  of  limestone,  ure  by  no 
means  abundant,  and  are  so  imperfect,  consisting  for  the  most  part  of 
casts,  that  it  is  impossible  to  iden^  species.  Such  as  were  c<^ected 
by  us,  some  ten  or  twelve  species,  were  submitted  to  the  exami'- 
nation  of  Mr.  James  Ball,  who  did  not  hesitate  to  pronounce  them 
Lower  Shnian,  representing  groups  of  that  series  not  more  recent 
than  the  Hudson  river  group.  Amcmg  these  fossils  were  a  fipeeies 
of  Machcrea,  resembHng  the  Maehnrea  from  the  Chasy  limestone  ;  Mur- 
chisonia ;  Ambonychia,  a  species  resembling  A,  orhkuUda  of  the  Tren- 
ton limestone ;  Modiolopsis,  closely  allied  to  Jf.  ttunaOM;  Bdmondia^ 
probably  E.  venirkosa,  and  another  species,  iAoMty  aified  to  or  identical 
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wiih  a  species  from  the  Trentoi  limestone ;  Leptasna,  resembling  Z. 
Mericea,  which  does  not  occur  aboye  the  Clinton  group ;  Orthis,  with 
lower  Klurian  characters ;  joints  of  Crin(»d9»  of  the  genus  Qlyptocri* 
nus,  not  more  recent  than  Hudson  river  group. 

We  have  thus  presented,  in  as  concise  a  manner  as  possible,  some  of 
the  leading  facts  with  regard  to  the  occurrence  and  position  of  Uie 
sandstone  and  conglomerate  of  Lake  Superior,  and  their  relation  tP  the 
associated  trappean  rocks ;  and  we  trust  that  we  have  solved  satisfactorily 
some  of  the  problems  presented  by  iheae  rocks.  We  have  been  obliged 
to  omit  many  points  of  interest ;  the  discussion  we  may  be  able  to 
take  up  at  a  future  meeting  of  the  Association. 

In  reply  to  Mr.  Foster's  statement  of  having  seen  only  trappean 
overflows,  and  no  dikes  on  the  south  shore  of  Lake  Superior,  Major 
OwsN  said:  —  ''He  could  not  speak  decidedly  of  the  south  Bhoi^ 
of  Lake  Superior,  having  examined  it  only  as  far  as  the  Bois  Brul^ 
River,  where  the  two  surveys  united ;  but  having  spent  one  season  in 
examining  the  north  shore,  he  could  state  that  there  two  distinct  trap- 
pean upheaves,  probably  the  result  of  submarine  volcanoes,  could  be 
traced.  The  one  had  evidently  been  the  result  of  overflow,  sometimes 
exhibiting  an  approach  to  imperfect  bedding,  sometimes  for  miles  dis< 
playing  a  rude  columnar  structure,  with  its  columns  at  right  angles  to 
the  cooling  snrtaoe,  and  varying  from  pentagonal  to  octagonal  in  form, 
resembling,  in  many  points,  the  description  of  the  Giant's  .Causeway^ 
This  overflow  was  further  characterized  by  overlying  the  sedimentary 
and  metamorphic  rocks,  and  by  having  a  general  bearing  nearly  north- 
east and  southwest.  The  other  had  a  direction  nearly  at  right  angles 
to  the  former,  and  had  cut  up  through  the  sedimentary  and  metamor- 
phic rocks,  in  remcu'kably  regular  dykes,  resembling  the  work  of  art. 
These  dikes  varied  in  width  from  six  to  ten  feet,  the  columns  lying 
horisontally  across  the  dike,  at  right  angles  to  the  cooling  surfaces 
through  which  it  passed.  These  dikes  were  usually  of  greenstone^ 
sometimes  of  basalt ;  generally  highly  crystalline  in  the  center,  less 
so  toward  the  contact  with  the  rocks  through  which  they  had  cut,  and 
partaking  in  some  measure  of  their  structure.  The  stratified  and  met- 
amorphic rocks  cut  through,  were  usually  altered  for  many  feet  on 
each  side  of  the  dikes,  by  causes  evidently  due  to  strong  igneous 
action.  It  was  in  these  last  mentioned  upheavals,  the  dikes,  that 
metallic  veins  and  accompanying  minerals  were  most  generally  found, 
as  may  be  observed  at  Prince's  location,  at  the  Bruce  Mines  in  Upper 
Canada,  and  at  various  other  localities." 
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3,  On  thb  Gsfhtbsa  ow  thb  Atlahtio  Ck>A8v  of  tbx  Uhxtbd  States. 

By   L.   F.   DB   POUBTALES. 

Thb  Sipunculidse  have  been  usuaUj  placed  among  Holoikurisa,  and 
on  that  account  I  have  studied  them  in  connection  with  that  ^Bunily, 
but  soon  satisfied  myself  that  t^eir  title  to  rank  in  it  was  yery  preca- 
rious. They  lorm>  indeed,  a  group  bearing  some  analogies  with  Holo- 
thiuriflB,  and  some  with  the  worms  or  annelids,  and  tiiey  hare  been 
accordingly  classed  by  naturalists,  sometimes  with  the  one  and  some-* 
times  with  the  other.  It  was  at  first  my  intention  to  giye  a  sh<Mi^  his- 
torical sketch  of  this  group,  and  some  of  the  anatomical  details  on 
which  I  took  my  grounds  for  considering  them  as  annelids,  when  I 
found  that  the  same  labor  had  already  been  done  by  Quatrefiiges,  in 
his  anatomy  of  Echiurus,*  to  which  I  would  refer  those  who  take  any 
interest  in  the  matter.  Quatre&ges  unites  in  a  group  which  he  calls 
Gbfhtbba,  jBchiurus  and  S^nnnculus,  That  they  are  truly  articulated 
animals,  can  scarcely  be  doubted :  their  nervous  system  oonsiating  in  a 
ganglion  above  the  esophagus,  connected  by  nervous  filaments  to  a 
nervous  cord  running  the  whole  length  of  the  lower  part  of  the  body, 
and  giving  branches  in  pairs  to  the  right  and  left ;  their  perfect  bilat- 
eral symmetry,  the  want  of  any  quinary  arrangement,  the  absence  of 
calcareous  parts  in  the  skin,  or  around  the  esophagus;  their  trunk 
ezertUe  and  retractile ;  all  those  characters  assign  them  a  place  among 
the  annelids.  With  Holothuriee  they  have  also  analogies,  not,  how- 
ever, so  important.  These  are,  in  Schiurus  for  instance,  the  disposi- 
tion of  the  spine^  all  around  the  body  at  its  posterior  extremity ;  in  the 
Sipundes,  the  disposition  of  the  tentacles  surrounding  the  mouth,  and 
the  presence  of  the  vesicle  of  PoU.  This  group  thus  forms  the  most 
remarkable  transition  in  the  animal  kingdom. 

Genua  Eohiurus — Pallas, 

Mr.  Couthouy  has  described  a  species  of  this  genus  under  the  name 
of  MoUdhuria  chrysaoanikophora*    We  shall  in  future  call  it 

SchMurtu  thryaoMmthophoiniB.  I  have  seen  but  a  single  specimen 
of  tlus  species,  in  the  possession  of  Dr.  A.  A.  Qould.  It  would  be 
desirable  to  compare  perfect  specimens  with  SekiuTU9  Gaetinm  of 
Europe,  in  order  to  trace  their  specific  difference.    The  one  I  have 

*  Amiales  des  Sdeacca  Natnniles,  Sme  86r.,  1847. 
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before  me  answers  very  well  to  the  characters  assigned  to  Hch,  Oaeri- 
neri  by  Qostre&ges.    It  wants  likewise  tbe  spoon-sbaped  ap][yendage. 

Oenus  SiPUNCULUB — L, 

The  genus  Stpuncuhu  has  lately  been  diyided  into  two,  one  of  them 
retaining  that  name,  the  other  being  called  Pkascoloaoma,  J.  Muller 
characterizes  them  by  the  insertion  of  the  large  retractor  muscles  of 
the  trunk,  which  in  ^puncolus  hare  their  posterior  insertion  about 
the  middle  of  the  body»  while  in  Phasoolosoma  it  is  situated  at  the 
posterior  extremity. 

Of  the  genm  Siponcuhtf,  notice  first  one  species,  from  the  coast  of 
New  England,  which  I  propose  to  call 

£.  Sipuneul^a  OouldU  (Pourt).  I  found  it  first  at  ProTincetown, 
(Cape  God,)  and  afterwards  at  Edgartown  and  Chelsea  Beach.  It  liyes 
burrowed  nearly  one  foot  deep  in  the  sand,  and  is  secured  by  digging 
into  it  at  \&w  tide.  It  attains  a  length  of  fire  or  six  inches,  with  a 
diameter  of  a  third  of  im  inch,  and  resembles  m  the  whole  Sipuneulfu 
JokMUmi  of  Forbes.  It  has  a  whitish  color,  yellow  toward  the  first 
posterior  extremity ;  the  extremity  of  the  trunk  is  pink  ;  the  skin,  at 
lught,  looks  as  if  it  were  perorated  with  numerous  little  siere-like 
holes,  but  a  closer  examination  shows  that  they  are  only  apparent  pfer- 
foralions,  tho  skin  being  in  those  places  very  thin  and  trattq>arent. 
Under  the  skin  are  two  muscular  layers,  the  outer  one  composed  of 
transverse  fibers,  ^e  inner  one  of  longitudinal  ones,  forming  about  forty 
bundles.  Of  the  redactor  muscles  of  ^e  trunk,  the  two  inferior  ones 
are  the  longest,  and  attached  side  by  side  to  the  walls  of  the  body, 
separated  only  by  the  nervous  cord.  The  two  superior  ones  are 
attached  to  ^e  sides  of  the  body  a  fittle  higher  up.  The  mouth  is 
surrounded  by  a  great  number  of  short  tentacles,  in  which  the  micro- 
scope shows  an  active  circulation  of  blood,  apparently  produced  by 
vibratory  cili«  lining  the  inside  of  the  cavity.  The  inside  of  the  cav- 
ity of  the  body  itself,  is  filled  with  a  pinkish  fluid,  in  which  the  micro- 
rfoope  shows  the  eggs  floating  in  great  number.  Eggs  are  also  found 
within  a  red  filiform  and  odd  organ,  which  follows  the  intestine,  and 
wUeh  is  probably  the  ovary  in  which  they  are  formed.  In  the  brown 
bags,  which  open  outside  a  little  higher  up  than  the  anus,  globules 
were  found,  somewhat  similar  in  appearance  to  the  eggs.  Mr.  Charles 
Girard,  who  assisted  me  in  their  examinations,  suggests  that  these  glo- 
bules might  be  the  cells  in  which  spermatozoa  will  be  developed,  a  sug- 
gestion to  which  I  should  be  inclined  to  assent,  if  I  did  not  find  among 
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the  notes  I  made  in  ezamimng  a  large  number  of  those  animals  in 
1847,  that  I  had  fonnd  in  some  specimens  spermatozoa  in  the  general 
cavity  of  the  body  instead  of  eggs. 

3.  Sipuneulus  cor<dlicdu8  (Pourt.) — ^A  small  species,  not  more  than 
two  or  three  inches  long,  of  a  pale  pink  color,  with  darker  extremities. 
The  trunk  is  covered  with  very  small  black  dots,  which  seem  to  be 
hard,  round  bodies,  with  a  translucid  center.  Similar  ones  are  found 
at  Ihe  posterior  extremity  of  the  body.  The  retractor  muscles  are 
attached  about  the  middle  of  the  body.  Inhabits  the  dead  stems  of 
corals,  in  which  it  has,  probably,  some  means  of  boring,  as  the  cavity 
it  inhalMts  has  exactly  the  shape  and  mse  of  the  body.  Found  near 
Cape  Florida,  in  Key  Biscayne  Bay. 

4.  S^nmcuius  ^ranulatuB  (Pourt). — ^A  species  a  Kttie  larger  than  the 
preceding,  of  a  gray  color,  with  black,  irregular  patches  on  the  dorsal 
nde ;  ventrd  side  lighter.  The  skin  resembles  shagreen,  being  covered 
with  smooth,  rounded  granules.  The  retractor  muscles  are  attached 
very  near  the  posterior  end  of  the  body.  This  may,  however,  only 
appear  so  from  the  great  contraction  of  the  only  specimen  in  my  pos* 
session.    Found  m  Key  Biscayne  Bay,  Florida. 

Oenu9  PHAfiooLOBOMA — Leach. 

Represented  on  our  shores  by  a  species  very  closely  allied  to,  if  not 
the  same  as  Sipuneulus  Bernhardus  of  Forbes.  I  am  not  prepared  to 
distinguish  it  from  the  latter,  and  accordingly  record  it  here  under 
that  specific  appellation. 

6.  PhaacdosoTMi  Bemhardus, — ^It  was  dredged  by  Mr.  Desor  in  the 
neighborhood  of  Nantucket,  and  found  by  Mr.  William  Stimpson  in 
the  stomach  of  a  haddock  caught  off  Cape  Ann.  To  his  kindness  I 
owe  some  dried  up  specimens,  and  also  one  preserved  in  alcohol.  The 
internal  organs  I  failed  to  examine,  but  I  could  still  trace  the  retractor 
muscles  to  the  posterior  extremity  of  the  body.  The  skin  appears  to 
be  covered  with  small  black  dots  at  the  posterior  extremity,  which 
when  magnified  appear  to  be  solid  pieces  in  the  shape  of  a  horseshoe, 
sticking  out  of  the  skin.  They  probably  serve  to  the  animal  for  hold- 
ing himself  on  the  shell  which  he  inhabits.  The  shells  inhabited  are 
usually  Bucdman  cUiatum  and  Ikisus  harpuiariua. 

Thus  three  species  only  of  Gephyreans  are  known  to  inhabit  New 
England,  and  two  at  Cape  Florida.  This  is  the  whole  number  known 
on  the  American  coast  of  the  Atlantic.  There  remains  a  new  and  rich 
harvest  for  naturalists:  for  if  we  compare  that  number  with  the  eight 
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English  species  enumerated  by  Ed.  Forbes,  and  bearing  in  mind  the 
extent  of  our  coast,  we  surely  have  a  right  to  predict  the  discovery  of 
many  more. 

4.  On  thb  Limit  of  Pbbgbftibilitt  of  a  Dibbot  avj>  Rbflbcted 
Sound.    By  Prof.  Jos.  Hbnrt. 

Prof.  Hbnrt  stated,  that,  at  the  meeting  of  the  Association  at  Cam* 
bridge,  he  had  made  a  communication  relative  to  the  appHcation  of 
the  principles  of  acoustics  to  the  construction  of  rooms  intended  for 
public  speaking.  In  that  communication  he  had  stated,  as  an  important 
proposition,  that  when  two  portions  of  the  same  sonorous  wave  reach 
the  ear  of  an  auditor, — one  directly  from  the  origin  of  the  sound,  and 
the  other  indirectly, — after  one  or  more  reflections,  if  the  two  do  not 
dififer  in  the  paths  they  travel  by  a  difference  greater  than  a  given 
quantity,  the  two  sounds  will  enforce  each  other,  and  one  louder  sound 
will  be  perceived.  If,  however,  the  interval  is  greater  than  a  certain 
limit,  the  two  soomds  will  appear  distinct,  or  an  echo  wiU  be  perceived. 

As  an  illustration,  suppose  a  speaker  to  stand  before  a  wall  at  the 
distance  of  say  ten  feet:  in  this  case  the  audience  in  front  would  hear 
but  one  sound.  The  direct  and  the  reflected  impulse  meet  the  ear 
within  the  limit  which  I  have  called  the  limit  of  perceptibility.  This 
limit, — a  knowledge  of  which  is  of  considerable  practical  importance, — 
may  either  be  expressed  in  time,  or  in  space.  The  simplest  method  of 
obtaining  its  amount  is  that  of  clapping  the  hands,  while  standing 
before  a  perpendicular  wall :  if  the  distance  of  tfie  observer  be  suffi- 
cient, an  echo  will  be  heard.  If,  in  this  case,  the  observer  gradually 
approach  the  wall,  and  continue  to  make  the  sound  at  a  definite  point, 
the  echo  will  cease  to  be  perceived,  ^d  the  two  sounds  will  appear  as 
one.  If  the  distance  from  the  wall  be  now  measured,  twice  the  distance 
found  will  give  the  limit  of  perceptibility  in  space.  If  the  same  quantity 
be  divided  into  the  space  through  which  the  wave  of  sound  is  known 
to  travel  in  a  second,  we  shall  have  the  limit  of  perceptibility  in  time. 

The  foregoing  plan  is  the  most  simple,  but  not  the  most  accurate 
method  of  arriving  at  the  quantity  sought.  The  better  plan  is  to 
employ  another  person  to  produce  the  sound,  while  the  observer  is 
stationary  at  the  distance — at  least  150  feet  from  the  wall.  The  person 
who  produces  the  sound  being  placed  between  the  observer  and  the 
wall,  at  such  a  distance  from  the  latter  as  to  give  a  distinct  echo,  he 
is  then  directed  gradually  to  approach  the  wall  until  the  echo  and  the 
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direct  sound  becoiae  one.  The  distance  measured,  as  before  men- 
tioned, will  give  the  limit  required. 

From  a  series  of  experiments  on  this  plan.  Professor  Hemy  found 
the  limit  of  perceptibility  to  vary  from  about  60  to  80  feet,  or,  in  other 
words,  the  distance  from  the  wall  at  which  the  echo  ceased  was  from 
30  to  40  feet  This  will  giy§  from  the  1-20  to  the  1-15  part  of  a  sec- 
ond, in  time,  for  the  ear  to  distinguish  the  difference  of  two  sounds 
which  follow  each  other  at  an  interval  of  1-16  of  a  second. 

The  experiments,  when  made  under  the  same  circumstances,  gave 
the  same  result,  almost  within  a  single  foot;  but  when  a  different 
source  of  sound  was  employed,  a^d  different  observers,  there  was 
observed  a  difference  of  results,  giving  the  limits  between  1-20  and 
1-15  of  a  second.  The  limit  was  less,  with  a  sound  produced  by  an 
instrument  which  gave  a  sudden  crack,  without  perceivable  prolonga- 
tion, such  as  is  produced  by  an  ordinary  watchman's  rattle,  when  made 
to  emit  a  ^ngle  crack.  This  difference  may  be  explained  by  taking 
into  consideration  the  actual  length  of  the  sonorous  wave.  If  a  sound 
oocupies  ^  of  a  second,  which  is  about  the  time  required  for  the  utter- 
ance of  a  short,  single  syllable,  the  length  of  the  sonorous  wave  will 
be  about  300  feet,  and  hence,  when  the  distance  traveled  by  the  two 
sounds  is  not  more  than  80  feet  to  and  from  the  wall,  the  two  waves 
must  overlap  through  a  considerable  portion  of  their  whole  length,  and 
will  be  only  separated  at  the  two  extremities.  The  portion  of  over- 
lapping may,  therefore,  determine  the  limit  of  perceptibility,  and  this, 
again,  is  combined  with  the  fact  of  the  continuance  of  a  sonorous 
impression  on  the  nerve  of  the  ear. 

5.  CvKKSNT  Chabt  OF  New  York  Bay,  from  Observations  in  thb 
Coast  Survey.     By  Prof.  A.  D.  Bachs,  Superintendent. 

At  the  meeting  of  the  Association  in  New  Haven,  I  presented  a 
Current  Chart  of  Boston  Harbor,  from  observations  by  Lieutenant 
Commanding  Maffitt,  U.  S.  N.,  Assistant  in  the  Coast  Survey,  upon  a 
plan  devised  by  me  for  representing  the  direction  and  velocity  pf  the 
currents  at  the  surface.  The  Chart  now  submitted  to  the  Association 
exhibits  the  results  of  observations  made  in  New  York  Bay,  by  lieu- 
tenant Commanding  Charles  H.  Davis,  U.  S.  N.,  Assistant  in  the  Coast 
Survey,  and  is  upon  the  same  plan  with  the  former  Chart. 

The  Chart  of  Boston  Harbor  illustrated  the  effect  of  obstacles  at  and 
below  the  surface,  as  islands,  rocks,  etc.,  in  deflecting  the  current,  and 
modifyiog  its  rate.    This  one  shows  the  influence  of  a  great  Bay, 
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acd  of  obstacles  below  the  svfMC,  eonsisdiig'  «f  sImmIs  of  raiiow 
magnitades,  and  difTerenl  degrees  of  eteradoo  abore  the  general  tmr- 
^Ke  of  the  bottom.  The  Chart  shovi  the  ArectioA  and  Tdochj  of  tiie 
water  at  the  flood. 

The  paralkl  lines  indkate  the  <firectioo8  of  the  cwrrcBts,  and  die 
distances  between  them  are  in  the  inrerse  ptoportion  of  the  relodtiea. 
As  the  Chart  is  from  obserrations  at  a  fimited  number  of  stations,  tkt 
extent  of  particalar  directions  and  relocities  is  not  rigidly  defined.  The 
eje  seizes  rapidly  the  generalisations  of  the  fiMts,  and  with  a  certaintj 
which  no  tabular  riew  of  the  results  would  enable  the  mind  to  grwp. 

The  scale  of  the  Chart  now  shown  is  such,  that  a  Telocity  of  half  a 
mile  per  hoar  is  represented  bj  a  distance  of  half  an  inch  between  the 
parallels,  and  greater  relocities  by  proporttonately  leas  distances. 

The  water  from  the  ocean  sets  into  New  York  Bay  in  a  directioft 
nearly  perpendicular  to  a  line  from  Bockaway  mitrance  to  Sandy  Hook, 
and  at  the  rate,  on  the  arerage,  of  about  one  mile  per  hour.  The 
water  has  Raritan  Bay  to  fill,  tending  to  turn  the  current  in  a  west- 
wardly  direction,  and  New  York  Inner  Bay,  or  Harbor,  tending  to  turn 
part  of  the  current  to  the  north.  These  are  modified,  but  in  an  incon- 
siderable degree,  by  the  shoals,  between  which  are  the  ^lannels  for 
entering  the  Bay;  ^e  inconsiderable  area  of  the  section  at  the  Nairows 
compared  with  that  across  the  entrance  of  the  first-named  locafity» 
tending,  also,  to  gire  a  controlling  action  to  Baritan.  The  greatest 
Telocity  in  the  Outer  Bay  is  in  Gedney's  Channel,  (discoTered  is 
the  progress  of  the  surrey,)  being  about  two  miles  per  hour.  The 
Tarious  directions  of  the  currents  met  with  in  passing  through  eil&er 
of  the  outer  channels  into  the  main  ship  channel,  and  thence  up 
through  the  Narrows,  are  very  plainly  seen  from  the  Chart,  and  the 
tendencies  toward  different  shoals  and  through  different  channeb.  The 
preference  which  is  given  to  the  Swash  diannel,  for  ressek  of  mode- 
rate draft,  is  seen  to  result,  not  only  from  the  shorter  distance,  as  com*^ 
pared  with  the  main  ship  channel,  but  from  the  directions  of  the 
currents  setting  through  it  until  its  upper  end  is  nearly  reached.  The 
eddy  currents  to  be  avoided  are  distinctly  shown.  The  improvements 
which  the  study  of  this  Chart  suggests  in  the  number  and  localities  of 
observation  are  even  more  striking  than  in  the  case  of  Boston  Harbor, 
where  the  current  observations  had  been,  relatively,  much  more  numer- 
ous than  in  New  York  Bay. 

Prof.  Petrck  observed  that  the  study  of  such  charts  must  be  useful 
guides  in  the  improvement  of  harbors.    He  found  that  the  maximum 


Digitized  by 


Google 


TOB  THE  ADVAirOBMBHT  Of   •OUBHCB.  46 

velocity  of  ebb  would  detennin^  ike  poftition  of  tiie  deposits  of  bars. 
He  obseired  how  imporkunt  such  inyestigattoiis  were  to  the  harbors  of 
the  Lakes,  as  weU  as  those  of  the  Atlantio  coast. 

Prof.  Bacbx  stated,  that  the  charts  on  this  plan  should  be  made  for 
the  ebb  as  well  as  flood,  and  for  intermediate  divisions,  as  quarters  of 
the  tide,  for  which  the  Coast  Survey  observations  afforded  materials; 
and  (in  reply  to  a  question  from  Prof.  Mitohel)  that  these  charts  had 
eiiginated  in  a  want,  felt  ip.  the  Ck>ast  Survey,  in  representing  the 
observations  of  currents  which  had  been  elaborately  made  in  the 
progress  of  the  work. 

Capt.  WiLKxs  inquired  whether,  in  the  progress  of  the  observations  at 
Oiarleston  harbor,  referred  to,  yesterday,  in  the  Association,  the  action 
had  been  observed  during  flood  as  weU  as  ebb  tide,  and  at  intervals. 

Prof.  Baehe  stated  that  the  observations  to  which  he  had  referred, 
yesterday,  comprised  those  at  different  times  of  tide,  and  in  various 
localities  on  the  shoals,  and  in  the  channels.    They  are  still  in  progress. 

Mr.  Bannsu)  observed  that  the  deposits  at  the  entrance  to  our  bays» 
undoubtedly  came  from  the  shores,  and  were  probably  carried  by  the 
action  of  the  waves  and  tides  to  their  places,  and  probably,  as  supposed 
by  Lieut  Davis,  by  the  flood  tide.  The  particles  being  more  or  less 
finely  divided,  and  assuming  a  position  sccordingly;  the  very  fine  parti- 
des  being  carried  to  sea  by  the  ebb  tide,  and  deposited  as  oose,  or  mud. 

Prof.  Pbibob  remarked  upon  the  importance  of  the  charts  presented, 
and  the  complete  view  which  they  gave  of  ^e  facts  intended  to  be 
represented— rworth  every  thing  to  the  navigator  in  his  art,  and  to  the 
eigineer  in  his  generalisations. 

Prof.  SoHABFFSH  obscrved,  that,  in  a  survey  of  the  entrance  of  the 
Harkiii  river,  near  New  York,  made  by  him  some  years  since,  he  had 
observed  facts  in  regard  to  deposits  at  the  entrance,  which  he  had  been 
unable  to  explain,  until  he  became  acquainted  with  the  theory  of  Lieut, 
Davis  in  regard  to  the  action  of  the  flood  tide. 

6.  On  thb  Post-Pbrmiam  Datb  of  thb  Red  Sandstonb  Rooks  of  New 
Jbrset  and  the  Connsctiout  Yallet,  as  shown  bt  their  Fossil 
Remains.     By  Wm.  C.  Redfield,  Esq.,  of  New  York. 

Mr.  RbbvibiiD  adverted  to  a  coaununieati<m  of  Dr.  C.  T.  Jackson,  in 
the  proceedings  of  the  Bostoa  Natural  History  Society,  in  which  he 
maintained  that  the  lower  porti^m  of  the  sandstcme  of  the  Connecticut 
valley,  as  well  as  that  of  Nova  Scotia,  might  belong  to  the  Silurian 
epoch*   He  also  alluded  to  a  communication  of  Mr.  D.  A.  Weils  on  the 
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same  subject,  in  which  he  repi-esented  the  upper  and  lower  portions  of 
the  series  as  being  unconformable.  This  Mr.  R.  regarded  as  a  local 
phenomenon  ;  that  for  the  most  part  they  presented  an  unbroken  sac- 
cession  of  conformable  strata,  characterized  by  a  flora  and  a  fauna  as 
recent  as  the  Trias. 

Prof  AoAssiz  recognized  the  specimens  of  the  flora  as  belonging  to 
the  era  of  the  New  Red  sandstone  series. 

Mr.  Foster  remarked,  that  from  the  investigations  of  the  Messrs. 
Rogers  and  others,  it  was  indisputable  that  the  metamorphism  of  the 
rocks  of  the  Appalachian  chain,  took  place  at  the  close  of  the  Carbon- 
iferous era ;  but  that  the  sandstone  of  the  Connecticut  valley  had  not 
partaken  of  that  metamorphism.  It  was  also  highly  probable  that  the 
sandstone  was  older  than  the  coal  deposits  of  Richmond,  which  were 
proved  to  belong  to  the  Oolite.  Therefore,  whatever  might  be  the 
ultimate  position  assigned  to  this  sandstone,  it  was  intermediate  between 
these  two  epochs.  It  was  found,  too,  as  a  general  rule,  that  whenever 
a  great  change  occurred  in  the  physical  conditions  of  the  earth,  those 
changes  were  indicated  by  the  character  of  the  deposits.  Thus,  the 
base  of  many  of  the  great  systems  of  rocks  is  occupied  by  conglome* 
rates,  succeeded  by  coarse  sandstone  grits ;  and  it  was  not  until  after 
the  lapse  of  a  considerable  time,  that  the  finer  silts  were  thrown  down. 
It  was  also  found  that  these  coarse  grits  and  conglomerates  were  bar- 
ren of  types  of  organic  life ;  whereas  the  finer  silts  contained  the  most 
abundant  traces.  The  fkct,  therefore,  that  the  sandstone  at  the  base 
of  this  series  of  rocks  was  unproductive  in  fossils,  while  the  shales 
contained  numerous  traces  of  their  existence,  did  not  necessarily  imply 
that  the  rocks  belonged  to  two  epochs  of  deposition. 

As  to  the  unconformability  of  the  two  portions,  as  described  by  Mr. 
Wells,  he  remarked,  that  this  sandstone,  throughout  its^  range,  exhi- 
bited numerous  instuices  of  the  intrusion  of  trappean  rocks.  These 
took  place  at  successive  intervab,  as  was  evidenced  by  the  maimer  in 
which  they  were  intercalated  with  the  sandstones.  These  belts,  like 
those  of  Lake  Superior,  were  not  the  result  of  protrusion  between  the 
strata,  but  of  overflows,  like  submarine  volcanoes,  and  mingling  with 
the  sediments  there  being  accumulated.  There  might,  therefore,  be 
an  unconformability  between  the  upper  and  lower  portions  of  the  series, 
without  the  necessity  of  presupposing  a  great  lapse  of  time,  unless  that 
unconformability  was  found  to  prevail  over  an  extended  area. 

A  communication  from  the  Directofs  of  the  Toung  Men's  Mercantile 
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library  Aasociation,  inviting  members  of  the  American  Assoeiation  to 
risittheir  Library  and  News  Room^  was  received,  and  the  invitation 
accepted. 


SECOND  DAY,  TUESDAY,  MAY  6,  1851. 
(Afternoon  Session,) 

Thb  Association  met  at  3  P.  M. — Prof*  Baohb  in  the  Chair. 

Dr.  Yardbu.  was  elected  an  additional  member  pf  the  Standing 
Oomnuttee. 

The  Pbesidxnt  communicated  the  request  of  the  Standing  Com* 
mittee,  that  persons  having  specimens  of  Natural  History,  and  other 
objects  of  interest,  to  exhibit,  would  please  hand  in  their  names  ;  and 
stated  that  the  names  of  several  gentlemen  had  already  been  placed 
on  the  programme  of  to-morrow  lor  diis  purpose. 

Dr.  J.  P.  KiBTLANB  was  then  called  to  the  Chair,  and  the  following 
papers  presented : 

1.  Oir  THB  SrRuoTinuB  Aim  Rbpboduotion  of  Pobitbs.    By  Prof.  L. 

AOASSIE. 

[Not  received,] 

2.  Ok  thb  Existbncb  Of  Phosphorus  in  the  Carbonates  of  Iron  of 

THB  Des  Moines  Coal  Fields.    By  Dr.  D.  D.  Owen. 

Thosb  who  haVe  given  their  attention^  to  the  analysis  of  minerals, 
are  aware  of  the  difficulties  to  be  encountered  in  demonstratmg  the 
presence  of  minute  quantities  of  phosphorus  in  ores  of  a  complex 
character ;  especiaUy  in  the  presence  of  alumina,  iron  and  magnesia. 
The  ordinary  methods  of  detecting  phosphoric  acid  in  simple  acid  solu- 
tions, are  quite  inappropriate  for  such  combn&atioBS,  since  the  first  step 
in  the  process — the  neutralization  by  ammoniar-^at  once  embarrasses 
the  subsequent  process  by  enveloping  the  phosphate  in  a  bulky  preci- 
pitate of  alumina  and  iron,  even  before  ihe  free  acid  is  entirely  neu- 
tralixed,  which  disguises  its  characteristics,  and  impedes  its  subsequent 
reaeti(ms. 

The  ores  to  which  particular  reference  is  made  in  ^s  paper,  are 
essentially  carbonates  of  the  protoxide  of  iron,  contahiing  variable 
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quantities  of  silica,  alumina,  magnesia,  lime,  and  alkalies ;  together 
with  a  considerable  per  centage  of  bituminous  or  coaly  matter,  analo- 
gous in  their  composition  to  the  so-called  *'  Mushet  Black  Band«"  or 
**  Carboniferous  iron  stones"  of  Scotland,  which  occur  at  Crossbasket, 
Calder,  Old  Monkland ;  the  Caimhill  ore,  near  the  Ell  coal ;  and  the 
Airdrie  ore,  under  the  crop  of  the  Glasgow  splint,  or  fifth  seam  of  coal. 

The  presence  of  phosphorus  in  the  Des  Moines  ores,  was  indicated 
by  the  application  of  the  molybdate  of  ammonia  to  the  nitric  acid 
solution  of  the  ore,  when  a  yellowish  white  precipitate  appeared  float- 
ing on  the  surface  of  the  liquid. 

This  indication  was  subsequently  confirmed,  by  following  a  new 
process  recommended  by  Fresenius  for  the  separation  of  phosphoroft 
from  iron — viz  :  by  reducing  the  nitro  muriatic  solution  by  sulphate  of 
soda ;  nearly  neutralizing  the  free  acid  by  carbonate  of  soda ;  adding 
a  few  drops  of  chlorine  water,  and  then  an  excess  of  acetate  of  soda ; 
when  a  considerable  white  floculent  precipitate  of  perphoiq>hate  of  iron 
fell.  By  boihng  this  solution  until  the  precipitate  fully  settled,  adding 
chlorine  water  until  the  fluid  became  distinctly  red,  the  perphosphate  of 
iron,  along  with  some  basic  peracetate  of  iron,  was  thus  separated. 
After  collecting  the  precipitate  on  a  filter,  and  washing  it  thoroughly 
with  hot  water,  the  phosphoric  acid  was  separated  by  the  following 
process  :  The  precipitate  contauung  tiie  phosphate  of  iron  was  reduced 
with  the  sulphite  of  soda,  the  excess  of  free  acid  being  neutraUzed  by 
carbonate  of  soda.  Caustic  soda  was  then  added,  and  the  whole  boiled 
until  the  precipitate  became  black.  Thus  the  whole  of  the  iron  was 
precipitated,  while  the  phosphoric  acid  remained  in  solution,  combined 
with  the  alkali.  The  filtrate,  after  being  rendered  acid  by  hydrochloric 
acid,  was  neutralized  by  ammonia.  A  very  small  precipitate  of  alu- 
mina fell,  which  had  been  precipitated  with  the  perphosphate  of  iron. 
This  was  first  separated  by  filtration ;  then  the  sulphate  of  magnesia^ 
to  which  chloride  of  ammonia  was  preyiously  added,  was  finally  poured 
into  the  filtrate  (thus  freed  from  all  iron  and  the  trace  of  alumina,) 
when  a  white  granular  precipitate  of  ammonio-phosphate  of  magne- 
sia, fell. 

Proceeding  by  this  method,  the  quantity  of  phosphorus  in  these 
Des  Moines  iron  stones  oan  be  estimated  on  a  delicate  balance,  of 
CBrthage  construetion,  even  operating  on  a  single  centigraQiiae. 

One  and  a  half  per  cent,  of  phosphorus  was  obtained  from  a  black 
band  of  carbonate  of  the  protoxide  of  iron  of  a  few  inches  in  thickness, 
found  intercalated  in  th^  middle  shaly  divisions  of  tbe  coal  measun* 
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of  the  Des  Moines,  above  Bennngton.    Another,  from  near  Dam  26, 
hf^ow  LaSsLjeUe,  yielded  six-tenths  of  a  per  cent,  of  phosphoms. 

The  first  of  these  ores  eontoins  microseopie  Lingulas.  May  not  the 
souree  of  phosphorus  ia  these  ores  be  attdbiited  to  these  brachiopodas  ? 

The  existence  of  phosphorus  is  not  only  a  matter  of  scientific  inte- 
rest,  but  also  oi  praetical  importance)  since  Mr.  GoUier  and  Mr.  Ittnman 
attribute  the  cold-short  property  of  iron,  to  the  presence  of  phosphate 
of  iron ;  though  Mnshet,  who  probably  knows  as  much  about  hron  as 
any  other  msai,  doubts  the  fact ;  "  for/'  be  says,  "  it  has  always  been 
noticed  that  the  most  perfect  qnaMties  of  iron,  particularly  the  6we- 
dish,  gare  out  in  working  a  very  strong  phosphoric  smelL"  Moreover, 
he  asserts  that  any  iron  can  be  made  cold-short — i.  e.,  brittle  when 
cold — ^by  introducing  silica  in  excess  into  the  Uast  furnace,  through  the 
medium  of  the  flux  or  otherwise. 

In  support  of  this  view,  he  remarks,  in  his  work  on  iron  and  steel, 
"  The  flue  cinder  of  the  valley  furnace,  which,  on  an  average,  contains 
30  per  cent,  of  silica,  and  the  flue  furnace  ctnder  of  the  pudding  fur- 
nace, containing  40  per  cent.,  while  sand  bott<»ns  were  in  use,  furnished 
striking  illustrations  of  this  fact.  At  first,  when  these  cinders,  con- 
taining from  forty  to  fifty-two  per  cent,  of  iron,  were  returned  to  be 
smelted  for  the  production  of  forge  pigs,  the  brittleness  of  the  iron 
was  so  much  increased,  that  fears  were  entertained  as  to  the  practica- 
bility of  their  use,  and  maintaining  a  marketable  quality  of  iron.  The 
change  of  system  which  took  place  from  puddling  on  sand  to  puddling 
on  iron  hearths,  by  introducing  a  less  quantity  of  silica  into  the  blast 
furnace,  had  a  great  tendency  to  reduce  this  evil,  and  restore  fiber  to 
the  iron."  And  he  concludes  by  saying :  **  from  this  fact  being  so 
clearly  ascertained,  we  obtain  a  clue  to  explain  the  probable  cause  of 
cold-short  properties  in  iron  generally,  by  attributing  it  to  a  predomi- 
nant quantity  of  silica  in  the  ore,  rather  than  to  the  existence  of 
phosphorus." 

As  this  opinion,  from  so  experienced  a  man  as  Mushet,  is  at  vari- 
ance to  the.  statement  of  Binneau,  made  to  the  meeting  of  the  British 
Association,  held  at  Birmingham  in  the  summer  of  1849,  in  which 
that  gentleman  remarks,  that  phosphorus  has  been  discovered  in  Swe- 
dish iron,  whenever  it  presented  the  peculiarity  of  what  is  termed 
''cold-short,"  I  would  therefore  call  the  attention  of  chemists  and  iron 
manufacturers  in  this  country  to  the  subject. 

It  seems  that  it  is  only  by  repeated  careful  chemical  analysis, 
according  to  the  most  approved  methods  <^  detecting  and  estimating 
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^hosphoma,  that  differences  of  opinion  among  scientific  men  cm  this 
tnportant  subject,  can  be  reconciled.  Should  that  element  invariably 
►e  found  in  cold-short  iron,  while  it  should  be  proved  to  be  uniformly 
absent,  or  in  exceedingly  minute  portions,  in  iron  having  the  opposite 
[ualities,  then  it  is  a  fair  inference  that  phosphorus  imparts  this  quality. 

As  none  of  these  Des  Moines  ironstones  have  yet  been  worked,  we 
tan  not  as  yet  draw  conclusions  on  the  subject  from  that  source. 

In  conclusion  I  would  remark  that  the  improved  methods  introduced 
or  the  analysis  of  complex  phosphatic  compounds,  will  probably  show 
he  existence  of  phosphorus  in  ores  and  minerals,  where  the  old 
aethods  failed  to  discover  it. 

L  On  a  Method  for  Distinguishing  between  Biaxial  and  Uniaxial 
Crystals  when  in  thin  Plates  ;  and  the  Results  op  the  Exami- 
nation OF  several  supposed  Uniaxial  Micas.    By  Wm.  P.  Blaee. 

The  greater  number  of  the  **  black  micas,"  so  called,  have  a  deep 
ilive-green  or  **  bottle-green"  color,  so  deep  as  generally  to  be 
paque,  when  the  thickness  exceeds  one-fourth  of  a  millimetre  ;*  the 
ther  colors  most  frequently  observed  are  a  dull  brownish  green, 
ometimes  yellowish,  and  a  fiery  red.  Of  course  their  power  of 
bsorbing  light  varies  greatly  ;  thus,  the  mica  from 

Greenwood  Furnace,  Orange  County,  N.  Y.,  is  opaque  in  plates  over  .500  mm.  thick. 
Sussex  Co.,  N.  J.,  (No.  115,)  bottle-green,  "  "^        "     .222 

StLawrenceCoMN.Y.,  (No.  116,)  brownish  green,  "        "     .062         **• 

Loc 1  (No.  113,)  olive-green,  "        "     .042         " 

These  thicknesses  were  taken  with  the  instrument  called  the 
'  Sph6rometre,"  designed  by  M.  Cauchoix,  and  constructed  by  Soleil.f 

In  stating  the  color  of  specimens,  I  have  given  that  color  which 
hey  present  when  a  plate  sufficiently  thin  to  be  transparent,  is  held 
lear  the  eye,  while  the  light  from  the  clouds  or  window  is  allowed  to 
lass  through  it.  It  is  not,  therefore,  possible  to  examine  plates  of 
hese  micas  in  the  polariscope,  in  the  ordinary  way,  even  where  their 
hicknesses  are  less  than  those  stated  above ;  and  of  course,  in  such 
hicknesses,  the  images  formed  around  the  pole  or  poles  of  the  result- 
nt  axes,  are  much  extended,  and  it  would  generally  be  impossible  to 
istinguish  them,  or  the  dark  bars  which  cross  the  center ;  and  when 

*  Ordinary  viaiting  cards  are  from  .3  to  .4  of  1  mm.  thick. 

t  DeMribMl  by  Ptelet,  Traits  de  Pbytiqae,  Paria,  1847;  4e.  edit,  1 1.,  p.  5. 
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they  can  be  seen,  they  so  nearly  resemble  the  symmetncal  image 
formed  in  nntaxial  crystals,  that  they  can  not  be  distinguished  from 
them. 

In  order  to  enable  me  to  gire  these  Fig.  l. 

dark  micas  a  more  complete  and  tho- 
rough examination,  I  have  arranged,  in 
addition  to  the  combination  of  lenses 
and  Kichols'  prism,  which  I  described 
at  the  meeting  of  the  American  Asso- 
ciation last  August,  a  large  convex 
lens,  placed  between  the  polarizing 
mirror  of  my  instnmient,  and  the  film 
of  mineral  to  be  examined.  I  also  use, 
instead  of  the  variable  and  uncertain 
light  from  the  clouds,  a  broad  gas 
flame,  which  I  bring  near  to  the  mir- 
ror, so  that  its  reflected  image  is  con- 
densed by  the  large  convex  lens  upon 

the  mica;  with  this  arrangement  I  have  been  able  to  discern  the 
rinffs  and  cross  in  plates  of  the  dark  micas,  much  thicker  than  could 
be  examined  by  any  former  Fig.  2. 

arrangement.  It  then  be- 
came interesting  to  examine 
some  of  the  micas  whose  op- 
tical uniaxial  character  was 
equivocal,  and  for  this  pur- 
pose I  adopted  the  following 
test :  It  is  well  known  that 
when  a  plate  of  Iceland  spar, 
cut  with  faces  perpendicular 
to  the  axis,  is  placed  in  a' 
polariscope,  (the  eye  piece 
being  **  crossed,")  and  then 
rotated  in  its  own  plane,  the 
symmetrical  cross  and  rings 

do  not  suffer  any  change  of  form  or  position  ;  if,  however,  a  plate  of  a 
biaxial  crystal — as  niter — be  rotated  in  a  similar  manner,  the  dark 
bars  which  form  the  cross  as  in  Fig.  1,  will,  when  the  plate  has  been 
rotated  46°  "  open  out,"  and  take  the  form  and  position  represented 
in  Fig.  2. 
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These  facts  and  figures,  though  familiar  to  the  student  of  optics,  I 
here  repeat  for  the  sake  of  the  explanations  which  follow ;  and  this  is 
particularly  important,  since  observers  of  eminence  have  evidently 
mistaken  the  optical  character  of  many  of  the  so-called  unkadal  or 
hexagimal  micas. 

Pj^  3  When  the  micas  referred  to  are 

examined  with  my  instrument^  I 
find  similar  evidence  of  a  biaxial 
character. 

The  thin  plates  of  these  micas, 
if  the  line  joining  the  poles  of  the 
axes  be  parallel  to  the   plane  of 
primitive  polarization,  give  to  the 
eye  synmietrioal  crosses  and  rings, 
as  in   Fig.  3 ;   that  is,  so  nearlif 
symmetrical,  that  it  is  hardly  pos- 
sible to  distinguish   any  variation 
from  symmetry,  and  such  crosses 
might  be  taken  as  proof  of  a  uni- 
axial character.     But  on  rotating  45^,  as  in  the  case  of  the  niter 
crystal,  we  lose  the  synmietrical  form  of  the  cross,  which  opens  out,  as 
Pjq  4  represented  in  Fig.  4.    This  de- 

portment of  the  cross  may  be 
observed,  when,   owing  to  ihe 
depth  of  color,  it  is  not  possible 
to  discern  the  rings  clearly. 
A  method  given  by  Mliller,* 
*  also  depends  upon  this  deport- 
ment of  the  dark  bars ;  it  con- 
sists  in   rotating   the   plate    of 
mica  when  on  the  table  of  M. 
Noremberg's    apparatus,    (the 
ray  being  extinguished  by  the 
eye  piece  ;)  if  the  mica  be  biax- 
ial, the  light  is  alternately  for 
every  46^  of  the  rotation,  transmitted,  or  shut  oflf;  if  umaxial,  no 
change  is  perceived.     By  this  method  the  image  of  the  cross  and  rings 
is  so  much  extended,  and  dimly  defined,  that  the  outlines  can  not  be 

•  Lehrbuch  der  Phyiik  and  Meteorologia.  Braanichweig,  1844,  p.  568. 
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traced  by  the  eye,  and  a  slight  openi&g  o«t  of  the  cross  is  not 
80  readily  noticed,  even  by  a  change  in  the  intensity  of  the  light, 
as  when  its  image  is  contracted  and  sharpened  in  outline,  by  the  action 
of  lenses. 

In  the  following  table  are  given  the  localities  and  colors  of  several 
mifias  hitherto  generally  eonaidered  iiniajdal,  but  which,  on  examination 
with  my  arrangement,  have  given  evidence  of  being  optically  bicunal. 

76,  Groenwood  Furnace,  Orange  Co.,  N.  Y. ;  olive-green ;  rhombic  plates. 

77.  Greenwood  Furnace,  Orange  Co.,  N.  Y. ;  oliTe-green ;  (second  specimen.) 
79.  Greenwood  Fomaoe,  Orange  Co.,  N.  Y. ;  olive  green ;  (third  specimen.) 
S6.  EaMon,  F^ ;  a  wliita  siiverf  mica. 

88.  Topabam,  Maine;  finecrimB9in  red. 

89.  Mocmt  Vesuvius ;  dark  green. 

101.  Mount  Vesuvius;  dark  green ;  another  specimen,  and  is  clearly  hiazial. 

105.  Mount  YJesavius ;  dark  green ;  a  thicker  plate  of  specimen  101 — deariv  biaxial. 

102.  MoHDt  Veaam^ ;  clear,  with  a  delicate,  shade  of  green ;  banded  with  hands  of  a 

deep  green,  meeting  at  angles  of  60^. 

103.  Mount  Vesuvius ;  from  same  specimen  as  102,  but  is  thicker. 

104.  Mount  Vesuvius;  from  same  specimen;  still  thicker,  gives  a  fine  elliptical 

imaga^ 
111.  fVanklin  Funuioe,  Sussex  Co.,  N.  X  {  deep  copper  red;  from  G.  J.  Brush,  to  B, 

Silliman,  Jr. 
109.  St.  Jerome,  Canada;  coppety,  reddish;  angle  estimated  at  10®. 
114.  Moor's  Slide«  Ottawa,  Canada ;  dark  bottle-green ;  T.  S.  Hunt  to  B.  Silliman,  Jr. 
116.  St.  Lawrence  Co.,  K.  T. ;  dark  brownish  green;  opaque  when  over  .062  mm. 


84.  Hammond,  St  Lawrence  Co.,  N.  Y. ;  rich  smoky  yellow,  fitun  Saml.  W. 

Johnson. 
6&  KiwnnMBd,  St.  Lawrence  Co.,  N.  Y. ;  dark  brownish  red ;  iUaek  by  reflected 

light.; 

106.  Gouvemeur,  N.  Y.;  (bowlder ;)  dark  brown. 
fil.  Monroe,  Orange  Co.,  N.  Y. ;  dark  green. 

loa.  Monioe,  OtangB  Co ,  N.  Y;  dark  boCtle-gf»en ;  frm  3.  R.  Hmtm  t<»  £.  Sil- 
iiman,  Jr. 

107.  Locality f  from  Cambridge  Cabinet;  rich  brown;  is  in  beautiful  rhombic 

plates. 
112.  Locality ?  from  Cambridge  Cabinet;  deep  green;  is  Hkete  Greenwood 

FoinaAeMlea. 
63.  Moiiah,  Essex  Co.,  N.  Y. ;  fiery  red;  Lederer  Cabinet ;  angle  measurable. 
139.  Warwick,  Pa.;  olive-green;  (brownish;)  angle  estimated  over  10®;  this  mica 

much  ree^mbles  the  Vesuvius  specimens,  Nos.  103  and  103. 

With  the  exception  of  the  dark  micas  mentioned  in  tilie  following 
table,  I  hare  iiot  examined  any  &at  do  not  gire  evidence  of  bdng 
optically  ^'axial ;  and  it  is  probable  that  these  exceptions  would  give 
the  modificalioBs  ef  the  cross,  'etc,  if  iheir  dark  color  did  not  render 
it  hnpossible  to  observe  them  in  plates  stiffieiently  thick.     B«t  if 
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iazial,  th€  angle  for  the  Sussex,  New  Jersey,  mica,  No.  115,  must 
e  very  small. 

98.  Locality f  dark  olive-green ;  resembles  No.  81. 

83.  Locality ?  Ynle  College  Cabinet ;  color  intensely  green. 

115.  Sussex  Co.,  N.  J. ;  darl^  green ;  opaque  when  in  plates  over  .222  of  1  mm.  thick. 

113.  Locality 1  N.  Y.  Lyceum  of  Natural  History  ;  opaque  in  plates  over 

.042  mm.  thick. 
148.  Middletown,  Ct. ;  very  dark  green. 
146.  New  York  Island ;  very  dark  olive-green ;  in  granite  veins  traversing  gneiss. 

J^y^  U  41  U  il  II  it  U 

To  Prof.  6.  Silliman,  Jr.,  I  am  indebted  for  the  free  use  of  his  ^- 
imens  for  these  investigations  ;  the  biaxial  character  of  many  of  them 
7BS  suspected  by  him,  when  they  were  first  examined,  as  is  mentioned 
1  his  communication  to  the  Am.  Jour.  Science,  Vol.  X.,  Nov.,  1860. 

In  specimens  of  mica  referable  to  the  species  Phlogopite,  having 
he  inclination  of  the  '*  resultant  axes"  between  6°  and  20°,  when  the 
[lickness  is  so  much  reduced  that  the  systems  of  rings  around  the 
oles  are  not  distinctly  separated,  the  angular  inclination  of  the  axes 
an  not  be  determined  in  the  ordinary  manner.  Further  observations 
ipon  this  point  I  reserve  for  a  future  communication. 

.  On  the  **  Superficial  Deposits"  of  the  North- Western  Pjlrt  of 
THE  United  States.  By  Col.  Chas.  Whittlesey,  of  the  U.  S.  Geo- 
logical Survey. 

Mr.  W.  commenced  by  stating,  that,  as  yet,  the  loose  materials, — the 
and,  gravel,  clay,  and  bowlders, — ^that  are  spread  over  the  indurated 
ocks  of  the  west,  and  north-west,  have  received  no  scientific  name. 

They  will,  at  present,  be  called  by  the  common  appellation  of 
'  drift,"  or  superficial  deposits,  as  it  is  not  certain  that  they  belong  to 
,ny  of  the  recognized  members  of  the  tertiary  strata,  and  differ  from 
he  **  quaternary"  of  Europe. 

The  sections  presented  to  the  meeting  were  numerous,  showing  the 
xtent  and  order  of  superposition  in  these  deposits,  in  Ohio,  l^chigan, 
llinois,  and  Minesota.  There  was  one  from  the  Canada  shore  of 
jake  Erie,  southerly  through  Cleveland,  to  the  summit  land,  near 
y^ron,  Ohio. 

2.  From  Detroit,  westward,  to  the  summit  between  the  lakes  Erie 
kud  Michigan. 

3.  From  Chicago,  on  Lake  Michigan,  west,  to  the  summit  between 
jake  Michigan  and  the  Mississippi. 
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4.  From  ^ebojgan,  on  Lake  Michigan,  west  to  Lake  Winnebago. 

6.  A  sheet  of  detailed  sections,  showing  the  interchangeability  and 
contemporaneous  character  of  the  red  and  the  blue  clays,  at  Badne, 
MUvfOHkie,  and  Sault  St.  Marie. 

6.  A  section  from  La  Pointe,  Lake  Saperior,  to  the  Apnknoyekan 
river. 

7.  From  the  west  end  of  Lake  Saperior,  up  the  valley  of  St.  Louis 
river,  across  the  Mesabi  range  to  the  Grande  Fourche  of  Rainy  Lake 
river. 

The  explanation  of  these  sections  went  to  show,  that  in  all  parts  of 
the  north- western  States,  east  of  the  Mississippi,  the  same  order  of  sucf 
cession  or  stratification  takes  place. 

In  the  lower  ports,  such  as  the  basins  -of  the  great  Lakes,  Erie, 
Huron,  Michigan,  and  Superior,  at  and  near  the  level  of  the  waters, 
and  also  in  the  valleys  of  the  principal  rivers  at  the  lower  parts,  are 
found  the  fine,  laminated,  marly  clays.  Around  the  western  half  of 
Lake  Erie  and  the  southern  part  of  Lake  Michigan,  they  are  blue. 
Passmg  down  the  west  coast  of  Lake  Michigan,  at  Racine  and  Milwau- 
kee, the  blue  becomes  purple,  and  the  purple,  red.  At  Sheboygan,  it 
is  entirely  red;  and  the  section,  from  thence  to  Lake  Winnebago, 
showed  it  to  be  very  largely  developed,  rising  to  a  hight  of  four  hun- 
dred feet  above  Lake  Michigan.  On  the  northern  shores  of  Lakes 
Michigan  and  Huron,  it  is  largely  deposited,  and  the  local  section  at 
Fort  £rady,  Sault  St.  Marie,  showed  the  same  to  be  there  over  one 
hundred  feet  thidc. 

Passing  thence  to  the  westward,  along  the  lake,  it  is  seen  rising  four 
and  five  hundred  feet  above  the  water  on  the  Ontonagon  river,  the  Mon- 
treal river,  and  the  St.  Louis  river.  * 

Mr.  W.'s  section,  from  La  Pointe  to  Apuknoyekan  river,  exhibited  this 
bed  of  red,  marly  clay,  overlaid  by  coarse  sand-gravel,  and,  at  the 
hight  of  two  to  five  hundred  feet,  composed,  in  places,  of  terraces  of 
large,  water-worn  bowlders  of  northern,  igneous  rocks. 

The  section  from  Fond  du  Lac,  of  Lake  Superior,  to  the  Grand  Fork 
of  Rainy  Lake  river,  exhibited  the  drift  over  a  line  of  about  two  hun- 
dred miles,  in  a  north-west  direction,  from  the  basin  of  Lake  Supericn: 
to  the  basin  of  the  lakes  and  rivers  that  discharge  into  Hudson's  Bay. 

Passing  up  the  valley  of  the  St«  Louis  river,  over  the  Grand  Port- 
age, the  red  clay  rises  to  the  hight  of  four  hundred  leet,  and  beyond 
that  is  overlaid,  as  usual,  by  coarse  materials.  Near  the  mouth  of  the 
Savannah  river  it  graduates  into  a  purple,  laminated  clay,  and,  pro- 
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ceeding  up  the  St  Louib,  it  becomes  of  an  ask  .color,  with  reddish  and 
ptirple  patches.  It  embraces  fragments,  and  hiJf-wdnn  pebbles,  .of  a 
Silarian  limestone,  as  well  as  of  igneous  rocks.  About  the  Eshqua- 
gendy  Lakes,  and  on  the  Embarras  river,  (a  fork  of  the  St.  Louis,)  the 
coarse,  sandy  materials,  embracing  buried  timber,  occupy  the  surface. 
Here  we  cross  the  Mesabi  range  of  mountains ;  by  estimate,  eleven 
hundred  feet  above  Lake  Superior,  or  say,  seventeen  hundred  feet 
above  the  Ocean.  The  rocks  are  granite,  sienite,  gneiss,  mica  slate, 
and  the  like.  Around  the  sharp  knobs  of  the  Mesabi  range  are 
immense  piles  of  rounded  boulders,  almost  without  earth  or  gravel, 
three  or  four  hundred  feet  thick,  composed  of  the  adjacent  rocks,  rising 
nearly  to  the  summit  of  the  range.  On  the  west  and  north-west,  in 
the  valley  of  Rainy  Lake  river  and  its  southern  tributaries,  the  Grande 
and  Petite  Fourches,  at  the  level  of  the  immediate  valley  composing 
the  banks  of  those  streams,  is,  every  where,  the  ash-colored  clay  of 
the  St.  Louis  repeated.  And,  at  the  sources  of  the  Grande  Fourdie 
and  the  Mississippi,  the  ash-colored  bed,  containing  fragments  of  a 
SQurlan  limestone,  which  Dr.  Owen  foimd  in  place  on  Lake  Winnipeg, 
in  Canada,  is  seen,  overlaid  by  coarse  sand,  gravel,  and  drift  ridges. 
For  several  hundred  miles  down  the  Ifississippi  the  same  deposits  are 
visible. 

The  sections  exhibited  by  Colonel  W.  of  the  Ohio,  Michigan  and 
Wisconsb  superficial  deposits,  presented  the  same  phenomena  of  the 
highest  summits  composed  of  coarse  gravel,  sand,  and  water-transported 
.bowlders  of  northern  and  igneous  rocks,  mingled  with  bowlders  and 
gravel  of  the  subjacent  rocks.  Li  Ohio,  of  the  granite,  sienite, 
gneiss,  trap,  and  metamorphic  rocks  of  Lake  Superior*  mingled  with 
the  sedimentary  slates,  sandstones,  iron  stones,  and  limestones  of  Ohio. 
In  Michigan  and  Illinois,  the  same  thing  happens ;  only  the  pebUes  of 
lime  rock  predominate. 

In  Wisconsin,  the  most  remaricable  accumulation  of  limestone  peb- 
bles and  boulders,  in  masses,  may  be  seen  between  Sheboygan  and  Fond 
du  Lac  of  Lake  Winnebago,  being  a  series  of  peaks  and  hollows,  from 
twenty  to  one  hundred  feet  deep;  very  steep  at  the  sides,  without 
water ;  and  constituting  an  elevated  ridge  of  more  than  fifty  miles  in 
length,  in  places  three  hundred  feet  above  Lake  Michigan.  It  is  known 
in  the  region  as  the  **  Potash  Kettle'*  country.  The  sur€Eu;e  of  the  red 
clay,  and  of  the  superior  limestone  gravel  masses,  is  covered  with 
bowlders  of  igneous  rocks,  so  numerous  that  it  is  often  necessary  to 
eart  them  off  before  the  soil  can  be  tilled ;  but  beneath  the  surface  they 
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are  very  few.  It  is  so  in  noithern  Ohio.  The  surface  bowlders  are  far 
more  numerous,  and  of  a  different  composition  than  those  in  the  drift. 
Mr.  W.  presented  specimens  of  buried  wood,  taken  from  the  blue  and 
red  marly  clays,  at  various  and  distant  places ;  one  from  develand,  in 
the  blue  marl,  twenty  feet  below  the  surface,  and  another  from  Dover, 
in  Cuyahoga  county,  another  from  the  hiDs  east  of  the  Scioto  river, 
near  ChiUioothe,  Ohio,  about  one  hundred  feet  above  the  water  level, 
and  thirty  feet  deep  in  the  clay :  one  from  the  red  clay  at  Appleton,  on 
the  Fox  river,  Wisconsin,  one  hundred  and  fifty  feet  above  Lake  Michi- 
gan«  and  eighteen  feet  deep,  and  one  from  the  same  clay  at  Green  Bay, 
fifty^feet  below  the  surface  of  the  lake.  Mr.  Lesquereuz,  a  distinguished 
botanist,  from  Switzerland,  now  in  Ohio,  pronounces  diem  to  be  red 
cedar.  Some  vegetable  mold,  taken  from  the  clay  at  Cleveland,  was 
foimd  by  this  naturalist  to  contain  leaves  of  the  spruce-pine  and 
cranberry. 

Col.  Whittiesey  presented  several  packages  of  shells,  collected  by 
himself,  at  Cleveland,  at  Peoria,  (Illinois,)  New  Harmony,  (Indiana,) 
Bt  Louis,  (Missouri,)  and  Dubuque,  in  Iowa,  from  the  superficial 
deposits.  He  had  hoped  to  meet  conchologists,  here,  who  would  clas- 
sify these  shells,  and  from  that  classification  that  the  age  and  geological 
position  of  the  deposits  might  be  determined.  He  anticipated,  from 
their  general  resemblance  to  the  shells  of  the  loes  of  the  Rhine,  in 
Oermany*  t^at  our  drift  is  contemporaneous  with  it;  but  Professor 
Agassiz,  and  others,  after  a  hasty  examination,  find  new  and  different 
^ciee,  and  they  find  little  unity  of  species  among  the  collection  itself. 
They  are  mostly  land  shells,  and  all  fresh  nfoier,  and  Mr.  Lesquereux 
is  positive  that  all  the  timber  has  met  with  fresh  water,  only.  This 
separates  the  western  drift  from  the  tertiary  clays  of  Lake  Champlain, 
and  the  marine  drift  of  the  St.  Lawrence ;  and,  whatever  may  be  the 
age  and  geological  equivalents  of  the  western  drift,  it  is,  apparently, 
cm  system,  and  may  be  studied  as  independent  of  eastern  classification. 

Mr.  W.  felt  himself  justified  in  calling  all  this  vast,  wide-spread, 
superficial  mass,  extending  from  the  interior  of  Ohio  to  the  plains  of 
the  Red  River  of  the  nort^,  and  the  Saskatchawan,  one/ormaiion,  with 
members ;  and  that  its  differences  of  composition, — ^its  clays,  marls, 
hard  pans,  gravel,  bowlder  masses,  and  sand  ridges, — are  due  to  modi- 
fications of  that  force,  whatever  it  waa,  which  brought  on  the  materials, 
and,  in  so  doing,  scratched,  polished,  and  abraded  the  surface  of  the 
underlying  indurated  rooks. 
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A  discussion  took  place  on  the  reading  of  this  paper,  in  which 
Messrs.  Agassiz,  Fostbb,  Mather,  Evans,  Anthont,  and  others, 
participated. 

Mr.  Anthony  inquired  if  any  new  forms  of  shells  have  been  recently 
discovered  in  the  deposit  at  New  Harmony,  and  stated  that  he  had 
examined  with  great  care  all  the  shells  he  had  been  able  to  procure 
from  that  deposit,  and  had  been  able  to  detect  but  a  single  species  not 
now  found  living  in  that  vicinity. 

Prof.  Evans,  of  Chicago,  111.,  remarked,  that  in  reply  to  Mr.  Foster's 
query  in  reference  to  the  remains  of  the  mastodon  in  the  region 
described  by  Mr.  Whittlesey,  and  his  proposition  that  these  remains 
were  found  only  in  the  substrata,  showing  that  the  mastodon  became 
extinct  before  the  advent  of  man  on  the  face  of  the  earth  ;  he  would 
state  that  about  forty  miles  west  of  Chicago,  in  ^^ading  for  the  Aurora 
branch  railroad,  a  tusk  of  very  large  size,  measuring  about  eight  feet 
in  length,  and  about  eight  inches  in  diameter,  had  been  found  near  the 
surface  of  the  alluvial  formation,  in  a  boggy  swale,  near  a  salt  lick. 
Whether  there  was  a  possibility  of  this  specimen  having  been  de- 
tached from  a  substratum,  and  subsequently  lodged  in  the  place 
where  found.  Prof.  E.  was  unable  to  say.  As  there  were  few  if  any 
other  portions  of  the  skeleton  found  in  that  place,  he  would  not  say 
that  this  might  not  be  the  case ;  yet,  from  the  general  proximity  of 
such  specimens  to  salt  licks,  and  the  existence  of  this  proximity  here, 
he  thought  it  highly  improbable. 

Major  Owen  said,  that  he  could  bring  forward  one  fact,  firom  per- 
sonal observation,  which  might  throw  some  light  on  the  subject.  At 
the  Blue  Lick  springs  he  had  obtained  some  remains  of  the  Mastodon, 
found  close  to  the  tusk,  nine  feet  long,  which  had  been  sent  to  Peale's 
Museum,  in  Philadelphia.  He  had  searched  diligently  in  the  black 
bog  earth,  in  which  the  animals  had  evidently  been  swamped,  while 
crowding  to  the  brine  springs  (from  which,  up  to  the  present  day,  salt 
can  be  made,)  but  had  found  no  shells  to  characterize  the  epoch. 
Fourteen  miles,  however,  from  that  place,  while  searching  for  gigantic 
mammalian  remains  in  yellow  clay,  (from  the  abrupt  bank  of  whidi, 
after  heavy  rains,  bones  were  frequently  seen  to  project,)  he  found  no 
bones,  but  found  an  Ambonychia,  imbedded  fifteen  or  twenty  feet  below 
the  surface.  This,  on  examination,  seemed  to  be  identical  in  species  with 
the  Ambonychia  amy^dalina,  described  by  Prof.  Hall,  in  his  **  Palae- 
ontology of  New  York."     It  had  consequently  been  derived  from  the 
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adjoining  blue  limestone  or  Silurian  formation,  either  by  agencies  which 
had  detached  it  from  the  limestone  and  carried  it  to  the  clay,  or  by 
haying  the  loam  of  the  drift,  or  a  yet  later  period,  wash  down  upon  the 
mammalian  remains,  bringing  with  it  the  debris  and  fossils  of  the 
surrounding  Silurian  rocks.  From  the  same  locality  he  obtained,  a  few 
weeks  afterward,  a  grinder  of  the  Mephas  prindgemuSf  or  mammoth. 
In  oiher  localities,  where  no  such  disturbance  had  taken  place,  the 
imbedded  shells,  accompanying  similar  remains,  had  been  pronounced 
by  Lyell,  on  his  late  visit  to  the  United  States,  as  showing  the  loam 
bluffs  of  the  West  and  South  to  be  contemporaneous  with  the  drift; 
whereas,  in  Canada  and  New  York,  some  lacustrine  and  swamp  depo- 
sits of  marl  and  bog  earth,  including  the  bones  of  extinct  quadrupeds, 
were  decidedly  post-glacial. 


SECOND  DAY:    TUESDAY,  MAY  6,  1861. 
(JSveninff  Session.) 

The  Association  met  at  8  P.  M. — Prof.  Bachb  in  the  Chair. 

In  consequence  of  the  impracticability  of  procuring  professional  re- 
porters, the  Standing  Committee  requested  that  members  would, 
themselves,  prepare  abstracts  of  all  remarks  made  by  them,  in  the 
discussitm  of  paipers,  and  hand  them  to  the  Permanent  Secretary. 

The  following  paper  was  then  presented  : 

Parallelism  of  the  Paljbozoio  Bocks  of  New  York,  with  those 
OF  THE  Western  States,  and  of  all  these  with  the  PAXiEozoic 
Strata  of  Europe.    By  Prof.  James  Hall,  of  New  York. 

[Not  recehed,] 
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THIRD  DAY:  WEDNESDAY,  MAY  7.  1861. 
(Jfammg  Sesiian,) 

The  Association  met  at  9|  A.  M. — the  PaBSiiMnrf  in  the  Chair. 

The  minutes  of  the  meeting  of  the  Standing  Committee  were  then 
presented. 

On  recommendation  of  the  Standing  Committee,  it  was  determined 
that  members  making  remarks  be  permitted  to  famish  abstracts  of  the 
same  to  the  Permanent  Secretary,  during  the  day  on  which  they  are 
made  ;  and  that  if  not  so  presented,  the  AssociatMm  receiye  a  report  of 
such  remarks  from  persons  appointed  for  the  purpose. 

The  following  gentlemen  were  then  chosen  as  reporters  for  this  day  : 
McUhematics — Prof.  B.  Peirox. 
Physics  and  Astronomy — Prof.  A.  D.  Bachx. 
Geology — D.  H.  Wells,  Esq. 
Zoology — Prof.  L.  Agassis. 

Prof.  Bache  stated  that  John  H.  Alexander,  Esq.,  of  Baltimore, 
had  been  appointed  by  the  Navy  Department  a  Commissk>ner  to  ex- 
amine condensers  as  applied  to  marine  engmes,  and  requested  that 
all  persons  who  have  it  in  their  power  to  procure  kientstations  from 
steam  boilers  in  the  West,  might  forward  specimens  of  the  same  to 
Mr.  Alexander,  by  Adams  &  Co.'s  Express. 

An  invitation  to  visit  the  Observatory  having  been  received  from  the 
Director,  Prof.  Mitchel ;  Friday  afternoon,  after  6  P.  M.,  was  fixed 
upon  for  the  purpose. 

The  followmg  communication  was  received  from  the  President  of 
the  Western  Academy  of  Natural  Sciences,  and  the  invitation  accepted : 

CnrciRVATt,  May  7,  1651. 
To  the  Officers  and  Members  of  the  American  Association  : 

Gentlemen  :  The  Members  of  the  Western  Academy  of  Natural 
Sciences  have  directed  me  to  invite  the  members  of  your  Association 
to  visit  the  rooms  of  the  Academy,  in  the  building  on  the  north-west 
comer  of  Fourth  and  Vine  streets,  for  the  purpose  of  examining  their 
cabinet,  which  contains  some  rare  fossils  and  shells,  illustrating  the 
Silurian  formation  of  this  region,  and  other,  formations  of  the  Missis- 
sippi valley. 


Digitized  by 


Google 


lOB  TOE  ADVAHCBMUn  07  80B»GB.  61 

If  ooBYenient  to  the  members,  the  rooms  will  be  open  on  Thursday, 
after  1  o'clock,  P.  M.,  and  until  6,  P.  M. 
Very  respeetfolly, 

Ypur  obedient  servant, 

Gbo.  Gbaham, 
Presideni  of  the  Western  Academy  of  Najtural  Sciences. 

An  informal  invitation  to  visit  the  Library  and  Reading  Rooms-  of 
the  Ohio  Mechanics'  Institute,  was  presented  by  the  President,  and 
accepted. 

An  invitation  to  visit  and  examine  their  Orograph,  was  received 
from  Messrs.  Fuller  and  Whetstone.  This  was  accepted,  the  time  to 
be  fixed  hereafter. 

Dr.  Yandell,  of  LouisviUe,  was  then  caUed  to  the  Chair,  and  the 
foUowing  papers  jM^sented : 

1.  Ok  thb  SnciAL  H9MOLOoin9  or  Acbfhala.    By  Prof.  L«  Agjlssiz. 

\^ot  received.'] 

2.  On  a  New  Mbthod  of  Gbometricallt  Constructing  thb  Inteora- 
TiON  OF  Quadratures.    By  Rev.  Thos.  Hill,  of  Waltham,  Mass. 

Thb  spirit  of  this  method  consists  in  constructing  the  arc  of  curve 
from  its  radius  of  curvature,  which  represents  its  differential  coefficient^ 
provided  the  variable  is  represented  by  the  angle  which  the  radhis 
makes  with  a  fixed  axis.  The  function  to  be  integrated  must  be  re- 
garded as  the  arc  of  snoth6r  curve,  which  is  not,  however,  required  to 
be*  actually  drawn ;  but  a  substitute  for  it  may  be  found  in  an  isopen- 
metrical  polygon,  which  may  have  as  many  sides  as  we  please  to  give 
it.  This  polygon  is  to  be  Uiken  as  the  involute  of  the  required  curve, 
which  represents  the  integral ;  and  this  method  is  especially  adapted 
to  the  integration  of  trigonometric  functions* 

~  Prof.  PxntcK  remarked  that  Mr.  Hill's  method  may  be  shown  to  have 
a  simple  and  neat  oorrespendence  with  the  analytical  method  of  quad- 
nrtttres  adojptod  by  the  best  geometers,  and  especially  with  those 
adopted  in  the  diseusnon  of  the  perturbations  of  the  asteroids.  It  may 
also  be  made  to  iftostraite  seme  of  the  most  recondite  of  the  problems 
which  occur  in  planetary  ^rturbations,  and  especially  in  what  relates 
to  iSbft  equations  of  long  period. 
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o  a  remark  by  Prof.  Bache,  Prof.  Peirce  stated  that  the 
.  Hill  would  be  pubUshed  in  the  Astronomical  Journal,  so 
[  reference  to  the  science  of  Astronomy. 

30N  OF  Curves  showing  the  Hourly  Changes  of  Mag- 

ICUNATION    AT    PHILADELPHIA,     ToRONTO,     AND    HOBABTON, 

iiL  TO  August,  and  from  October  to  February,  and  fob 
ND  September.     By  A.  D.  Bache,  LL.  D. 

ram  represents  the  curve  of  mean  daily  magnetic  devia- 
rived  from  a  series  of  observations  made  at  Hobarton, 
d  Girard  College,  Philadelphia.     The  observations  at  the 

were  printed  by  order  of  the  Senate  of  the  United  States, 

general  direction  of  the  United  States  Topographical 
i  under  my  immediate  supervision.  Those  for  Hobarton 
>,  were  printed  by  order  of  the  British  Government,  under 

Lieut.  Col.  Edward  Sabine.  The  tables  of  observations 
ividcd  into  two  five-monthly  periods  ;  viz. :  from  October 
jy  (inclusive,)  and  from  April  to  August,  (inclusive,) 
s  the  sun  is  north  or  south  of  the  equator ;  March  and 
)eing  taken  separately,  as  in  each  month  the  sun  is  on  both 

equator.  Five  divisions  of  the  scale,  correspond  to  one 
hth  of  a  minute.  The  latitude  and  longitude  of  Girard 
390  68'  N.,  and  76°  11'  W. ;  of  Hobarton,  42°  62'  S.,  and 
. ;  of  Toronto,  43°  N.,  and  79°  W.  Philadelphia  and 
ng  situated  at  almost  opposite  portions  of  the  globe,  in 
im  Hobarton,  the  curve  for  the  latter  place  for  October 
r,  corrresponds  more  nearly  to  the  Philadelphia  and  To- 

for  April  to  August,  and  vice  versa.  Hence  th^y  are 
3gether  on  the  diagram.  Besides,  the  north  end  of  the 
ing  in  opposite  directions,  at  Hobarton  and  the  other  two 
Qg  corresponding  hours  of  local  time,  the  two  latter  curves 
inverted,  so  as  to  compare  the  changes  more  minutely. 
>n  at  Hobarton  is  found-  to  be  much  greater  from  October 
,  than  from  April  to  August ;  while  for  March  and  Sep- 
\  intermediate  between  the  two.  The  periods  of  greatest 
vestem  elongation,  are  found  also  to  occur  much  earlier 
^r  to  February,  than  from  April  to  August,  the  first  hap- 
'.,  and  the  second  at  3**.  These  turning  points  invariably 
her  periods  for  Toronto  and  Philadelphia,  than  for  Hobar- 
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ton.  By  comparing  the  three  curves  together,  however,  a  very 
striking  analogy  is  presented  in  their  form.  Those  for  Toronto  and 
Philaddphia,  have  abnost  perfect  coincidence  throughout  their  extent, 
the  seeming  difference  in  the  turning  points,  arising  from  the  fact  that 
the  observations  at  the  latter  place  were  only  taken  every  second  hour. 
Thus  the  greatest  western  elongation  of  the  Toronto  curve  is  at  Ih., 
whilst  that  for  Philadelphia  seems  to  be  at  2h. ;  but  observing  their 
very  close  resemblance  in  general  form,  it  is  evident  that  the  period 
of  greatest  elongation  for  Philadelphia,  has  occurred  between  O**  and 
^,  during  which  inten^al  no  observation  was  taken.  The  Hobarton 
curve  would  likewise  be  almost  coincident  with  the  other  two,  but  for 
the  circumstance  before  mentioned,  that  its  periods  of  greatest 
elongation  are  later. 

Any  theory  which  undertakes  to  explain  the  cause  of  the  diurnal 
variation  of  the  needle,  must  include  as  nearly  coincident,  the  changes 
at  Toronto  and  Philadelphia.  The  small  differences  between  the 
changes  as  shown  in  the  diagrams,  are  probably  in  part  real,  and  in 
part  due  to  the  fact  that  the  observations  were  made  hourly  at  one 
observatory,  and  every  two  hours  at  the  other.  They  shouM,  how- 
ever, enter  as  differences,  to  be  explained  in  the  minute  application  of 
a  theory. 

Captain  Wilkks  inquired,  if  the  needles  used  had  been  compared 
with  each  other,  and  whether  the  small  differences  observed  might  not 
result  from  the  different  characters  of  the  instruments. 

Prof.  Bache  replied,  that  the  observations  being  entirely  for  differ- 
ences, unless  they  were  used  to  detect  rapid  changes,  as  those  which 
occur  during  an  aurora,  he  did  not  conceive  a  comparison  to  be  neces- 
sary. The  magnetic  bars  used  at  the  Girard  College,  were  on  Gauss' 
plan,  and  five  pounds  in  weight ;  while  those  used  at  Toronto  were  on 
Lloyd's  system,  and  comparatively  light ;  the  amount  of  change 
shown,  corresponded  remarkably  with  the  two  sets  of  instalments. 

In  reply  to  a  question  by  Professor  Mitchkl,  Prof.  Bache  stated 
that  the  observations  made  imder  Prof.  Lamont's  direction,  had  not 
been  received. 

4.  On  a  Curious  Fact  in  Relation  to  a  Turbine  Wheel.     By  Mr. 
T.  Chase,  of  Massachusetts. 

Ik  computing  the  experiments  which  were  made  at  Lowell  in  the 
present  year,  by  Mr.  Francis,  it  was  fotmd  that,  when  the  gate  was 
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fully  open,  the  quantity  of  water  discharged  through  the  guides, 
71  per  cent  of  the  theoretical  discharge.  The  effect  of  the  wheel 
giving  these  experiments,  was  81^  per  cent,  of  the  power  expended. 
But  when  the  gate  was  half  open,  the  effect  was  67  per  cent,  of  the 
power,  while  the  discharge  through  the  guides  was  1 1  per  cent,  more 
than  the  theoretical  discharge.  But  when  the  opening  of  the  gate 
was  still  farther  reduced  to  one-quarter  of  the  full  opening,  the  effect 
was  also  reduced  to  45  per  cent,  of  the  power ;  while  the  discharging 
velocity  was  raised  to  49  per  cent,  more  than  that  given  by  theory. 
In  the  first  of  these  experiments,  the  fall  was  12.9  feet ;  in  the  second, 
13.28  feet;  and  in  the  third,  13.43  feet;,  and  the  quantity  of  water 
used  upon  the  wheel  with  the  full  gate,  was  136  cubic  feet  per  second. 

Prof.  PsiROB  said  that  if  in  the  last  of  these  experiments,  the 
wheel  were  removed,  and  the  water  suffered  to  run  through  the 
guides  without  obstruction,  the  head  which  would  be  required  to  give 
a  velocity  of  discharge  equal  to  that  actually  observed,  would  be 
about  37-^  feet.  The  effiect  of  the  interposition  of  the  wheel  upon 
the  discharge,  is,  therefore,  as  much  as  24  feet,  which  is  about  seven- 
tenths  of  an  atmosphere. 

v.  On  the  Silurian  Rooks  of  the  Lake  Superior  Land  District. 

By  Prof.  Jas.  Hall. 

[Not  received,^ 

Mr.  Desor  said,  that  he  considered  the  chief  result  of  Prof.  Hall's 
exploration  of  the  Lake  Superior  Land  District  to  be  the  extension  of 
the  New  York  system  of  rocks  as  far  as  this  region.  It  had  been  a 
question,  what  was  the  limit  of  these  rocks  at  this  point.  Was  it  a 
continent,  or  an  island  ?  In  this  respect,  the  discoveries  of  Logan  had 
been  highly  important,  since  he  had  found,  at  a  point  sixteen  miles 
north  of  Georgian  Bay,  a  deposit  of  Niagara  limestone,  with  all  the 
characteristic  fossils.  This  deposit,  he  thought,  could  be  traced  as  /ar 
north  as  Hudson's  Bay ;  therefore  the  limit  of  the  New  York  rocks,  in 
the  vicinity  of  Lake  Superior,  would  appear  to  have  been  rather  an 
island,  and  not  a  continent 

This  examination  of  Mr.  Logan's  revealed  some  interesting  facts  in 
relation  to  the  drift.  We  find,  on  the  shores  of  Lake  Superior,  lime- 
stone pebbles,  wiUi  fossils,  of  the  Niagara  rooks.  These  have  been 
referred,  by  some,  to  ledges  in  the  vichity,  and  on  the  bottom,  of  the 
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Lake,  and,  again,  to  a  deposit  on  th^  south ;  but  it  is  now  sho^wn  that 
we  bare  the  l^^iagara  limestones  in  Ihe  exact  direction  with  drift  currei^ 

Mr.  Dison  woidd  a^o,  in  this  connection,  make  some  remarks  of  a 
pabMmtologioal  character.  It  has  been  often  assumed  that  we  have, 
in  lower  ^urian  rooks, .«  simultaneous,  or  contemporaneous  develop- 
ment  of  the  four  great  orders  of  the  animal  kingdom.  In  England, 
the  remsdns  of  yertd^rates  have  been  found  as  low,  only,  as  the  Dud- 
ley limestone;  in  this  country,  only  in  the  Niagara  limestones,  with» 
perhaps,  some  faint  indications  of  spines  of  fishes  in  the  Clinton  group. 

Now,  within  a  comparatively  recent  period,  Mr.  Logan  has  dis- 
covered, in  the  Potsdam  sandstone,  near  Montreal,  distinct  impressions 
of  the  foot-prints  of  reptiles,  with-  accompanying  trails. 

These  slad>s  had  been  submitted  to  the  examination  of  Prof.  Owen, 
of  England,  who  had  given  his  opinion  in  favor  of  their  being  the  foot- 
prints of  an  animal  allied  to  the  tortoise. 

By  request,  Mr.  Foster  then  read  the  opinion  of  Mr.  Owen,  as  given 
in  a  note  accompanying  the  address  of  Mr.  Lyell  before  the  Geological 
Society  of  ^glandw 

Prof.  AoASiis  said,  that,  some  time  since,  when  he  had  advanced 
the  idea  of  the  existence  of  the  four  orders  of  animals,  contemporane^ 
ously,  in  the  Lower  Silurian  Bocks,  the  proposition  had  been  doubted 
by  the  gentleman  who  now  brings  forward  this  evidence.  Still,  he  did 
not  believe  these  tracks  could  be  referred  to  animals  allied  to  the  tor- 
toise. The  palaeontological  evidence  we  possess  does  not  admit  of 
this  belief.  If  these  are  really  tracks  of  vertebrata,  there  must  be  an 
organic  connection  between  the  animals  which  produced  them  and 
those  which  suc<jeeded  them,  and  whose  remaiuB  we  find  in  the  upper 
rocks.  We  would  rather  refer  these  foot-prints  to  a  species  of  fishes 
famished  with  homy  envelopes  and  plates,  somewhat  resembling  turtles. 

Mr.  Dbsor  rejoined  that  these  tracks  must  be  regarded  in  the  same 
Mght  as  the  foot-prints  of  the  Connecticut  Talley,  and  we  must  consider 
them  without  regard  to  the  principles  and  the<»ies  which  they  would 
afifect. 

Dr.  Ejno  suggested  the  propriety  of  exercising  extreme  caution  in 
receiving  such  novel  and  staurtling  discoveries  as  facts,  in  our  geological 
inquiries.  This  was  particularly  important,  so  far  as  his  investigations 
had  gone,  in  relation  to  the  Silurian  Rocks  of  Missouri.  He  had  fre- 
quently met  with  coal  in  such  situations  amongst  them  that  it  might 
readily  give  origin  to  the  report  of  the  proper  existence  of  this  mineral 
in  that  formation,  but  which,  nevertheless,  was  not  the  case.  He 
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to  a  mine  of  coal  on  the  Osage  Blver,  in  a  portion  of  the  for- 
rhich,  according  to  the  description  of  Prof.  Hall,  must  be  even 
an  the  Potsdam  limestone.  The  coal  of  this  mine  had  been 
id  to  more  than  thirty  feet  in  depth,  and  furnished  the  neigh- 
with  all  the  fuel  of  this  kind  they  required.  In  his  remarks 
Geology  of  Missouri,  Dr.  King  would  take  the  occasion  to 
the  condition  under  which  this  coal  occurs,  and  show  that  it 
belong  to  the  formation  in  which  it  is  found,  but,  in  all  proba- 
the  carboniferous. 

Hall  said,  he  had  every  confidence  in  the  position  assigned  by 
m  to  the  rocks  containing  these  tracks,  yet  he  would  not  acknit 
nection  with  an  order  of  animals  higher  than  fishes.  Eren  in 
on  group,  claws  and  tracks  are  very  evident,  yet  he  would  not 
ey  were  produced  by  reptiles,  since,  among  the  thousand 
of  fishes  contained  in  these  rocks,  we  had  not  yet  found  any 
of  reptiles. 

NO  inquired  of  Professor  Hall  if  he  recognized  the  Eeceptacu- 
le  of  the  fossils  of  that  part  of  the  formation  formerly  caUed 
f  limestone,"  and  which  he  now  says  he  connders  one  of  the 
urian  rocks.  Dr.  King  considered  this  as  a  highly  character- 
il  of  the  lead-bearing  strata  of  the  Upper  Mississippi,  and,  as 
in  Missouri,  in  conjunction  with  other  fossils  identical  with 
the  imderlying  blue  limestone,  or  Trenton  limestone,  of  that 
)  became  important  in  identifying  the  Missouri  formations. 

KT  Apparatus,  cokstruotkd  bt  Mr.  Wurdsmaitn,  for  Dbtxr- 
[  Altitudss  bt  hbans  of  thb  Boiling  Point.    By  Prof.  Jos. 

'     [Nbi  received.^ 

a  Motion  of  ths  Sun  about  ths  Ckntsr  of  Gravitt  of  thx 

System.    By  Prof.  Geo.  W.  Coakley,  of  St.  James  College, 

uid. 

[Hot  received.] 
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THIRD  DAY:  WEDNESDAY,  MAY  7,  1851. 
(AJiemoon  Session,) 

Ths  Association  had  an  informal  meeting  from  3  to  4  P.  M.,  for  the 
purpose  of  examining  geological  and  other  specimens.  Among  these 
were  yarioos  series  of  fossils  from  Ohio,  and  daguerreotypes  of  the 
moon,  taken  at  the  Observatory  of  Cambridge. 

At  4  P.  M.,  the  Association  wieis  called  to  order  by  t&e  Pbxsidknt. 

An  invitation  from  a  Committee  of  the  Young  Men's  Lyceum  of 
Natural  Science,  to  visit  their  Hall  at  the  Southwest  comer  of  Western 
Row  and  George  street,  and  examine  their  cabinet,  was  received  and 
accepted. 

The  following  papers  were  then  presented  : 

1.  On  A  Nxw  CuBvs  fob  Railbpad  Traoxs.    By  Rev.  Thob.  Hill, 
of  Waltham,  Mass. 

It  sometimes  occurs,  in  running  a  curve,  that  it  is  convenient  to 
join  two  tangents,  as  AC  and  B'C,  at  unequal  distances  from  their 
intersection. 


In  this  case,  the  following  anomalous  curve  will  be  found,  perhaps, 
more  readily  laid  down  by  theodolite  and  chain^  than  any  compound  of 
circles.  Let  AB  =  r,  BAC  =  f,  ABC  =  •.  Let  #  =  length  of  the 
curve,  found  by  the  empirical  formula, 

(<^  cos  <^  -|- « cos  I    \ 
sin<^  eoa9-^mR*co8*/ 
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in  which  <p  and  «  are  in  terms  of  the  radius.     That  is,  if  ^  and  i  are 

measured  in  degrees,  the  resulting  value  of  8  must  be  multiplied  by 

n 

— -  =  .01746. 
180 

Measure  or  calculate  the  angle  B'AB  which  one  chain  on  the  tan- 
gent B'C  subtends  at  A,  and  let  it  beAf.  Then,  if  chains  are  the 
units  of  9,  etc.,  let 

*    «(«— 1)1 

in  which  formula  ^  aad  a^  may  conveBiently  be  used  in  minidee.    a'^ 
ought  to  be  negative,  when  t  -^  i,  and  zero  when  t  :=  h 
Now,  placing  the  theodolite  at  A,  measure  one  chain  on  a  deflection  of 

Measure  the  next  chain  with  9Xi  additional  deflection  of 

and  so  on,  in  arithmetical  progression.    The  sum  pf  n  deflections,  or 
deflection  of  the  nth  chain,  must  be 

(n — 1     ,   \ 

When  you  have  run  in  this  way  as  far  as  convenient,  and  are  obliged 
to  move  up  the  instrument,  it  will  be  necessary  to  repeat  the  calcula- 
tions for  the  new  positions. 

When  B  can  be  seen  from  A,  it  is  better  to  begin  the  chaining  at 
B.  In  this  case,  the  first  deflection  from  the  chord  AB,  is  a^  <^,=  a^, 
and  the  second  additional  a''<^  =  ai<^-|-as<^,  and  the  total  deflection 
from  a  curve  at  the  end  of  m  chains,  is 

1^"^  =  mA<^-|-im(m— l)A«^.=:m  ^A^-f.-^^^"  ^^V 

It  will  not  be  necessary,  in  calculating  8,  to  go  beyond  tenths  of  a 
chain. 

This  curve,  so  easy  in  railroad  construction,  is  rather  intractable  in 
analysis.  If  <p  and  r  be  polar  co-ordinates,  •  the  angle  of  radius  vector 
witii  the  curve,  8  the  length  of  the  curve,  and  ^  the  radius  of  curva- 
ture— we  have 

•   I  X  r«*cosi 

*                        ^      2(#*  smicosf-}-*'*  —  ^V 
/A       I   »\                               «sini — r*, 
8m«=r(2a«  +  ^)  «= > — ^ 

^      2rf  —  8Bm* 
r8 
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It  is  am  anonraloiH  spiral^  commeiiemg  at  the  origin,  shooting  out 
rapidly,  and  more  slowly  retaniing  toward  the  origin,  which  it  never 
reaches.  In  places  where  it  is  necestery  to  move  up  the  liieodolite 
frequently,  the  involute  of  a  circle  might  he  introduced.  In  this  case, 
^  would  he  in  arithmetic^  progression,  instead  of  a<^,  and  the  instru- 
ment would  he  moved  up  at  every  chain.    The  radius  of  the  evolute 

circle  will  he  i?  =  r(cos«-cost) 

(sin(t  +  «))  (H-*  — 2<»n*(^  +  0  ) 

The  initial  value  of  g  =  So  is  co  =  ^  (^-\-* — *a^  i  (<^-|-*)  )  + 

f^  cos  <h  1 

-7—7 — r^. ;  the  initial  deflection  is  i  Ar  =aw5  sin  --- ;  the  unit  beincr  a 

chain,  except  for  angles  where  it  is  radius  as  ahove.     The  deflection 
of  the  second  chord  from  the  first  is  ^  r  -|-  ^  '  r ; 

andA'r  is  constant.     ^2  ^^^(<^  +  —<\+^)  ^''^)^ 

^(#+1) 


2.  Bjepokt  of  vhx  Committbb  upon  Prof.  Mitohxl's  Ststsm  of  Asvbo- 
HOHXOAL  Obshrvations.    By  Prof.  B.  Pxibob,  Chairman. 

The  Committee  appointed  for  the  examination  of  Prof.  Mitchel's 
method  of  observing  Bight  Ascensions  and  Declinations,  by  the  aid  of 
Magnetism,  respectfully  report,  in  part : 

They  have  made  a  preliminary  examination  of  Prof.  Mitchel's 
apparatus,  and  of  his  books  of  observation.  Everything  has  been 
freely  opened  to  a  rigid  scrutiny,  which  has  been  sought,  earnestly,  by 
the  astronomer  himself ;  and  they  have  felt  it  to  be  their  duty  to  inves- 
tigate every  reasonable,  and  even  every  possible  source  of  doubt  and 
error,  with  patience  and  fidelity.  They  would  have  preferred  to  post- 
pone all  expression  of  opinion  to  the  next  meeting,  if  they  had  not 
regarded  it  as  being  of  the  first  importance  to  relieve  anxiety  upon  this 
subject,  as  soon  as  they  had  proceeded  sufficiently  far  in  their  inquiries 
to  be  quite  sure  of  the  final  result.  They  are  not,  however,  prepared 
to  enter  into  minute  detail  at  the  present  meeting,  but  must  confine 
themselves  to  general  forms  of  expression.  Thoy  intend  also  to  avoid, 
at  the  present  time,  the  consideration  of  the  questions  of  priority. 

1.  Prof.  MitchePs  apparatus  for  observing  Bight  Ascensions,  is 
thought  by  the  Committee  to  sustain  all  his  claims  in  regard  to  its 
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8im}dieity,  accuracy,  facility  and  dispatch.  It  is  a  fine  specimen  of 
ingenious  contrivance ;  and  the  best  proof  of  its  superiority  in  this 
respect,  is  the  fact  that,  notwithstanding  the  roughness  of  constniotioii 
to  which  the  inventor  has  been  forced  to  submit  by  his  limited  resources, 
it  rivals,  in  the  accuracy  of  its  results,  the  most  finished  specimens  id 
skillful  workmanship.  By  the  use  of  two  pens,  he  has  avoided  all 
possibility  of  the  peculiar  error  which  must  constantly  arise,  whenever 
the  same  pen  is  used  for  recording  the  observations  and  the  clock- 
beats.  By  recording  upon  a  disk,  with  a  pencil  which  makes  a  slight 
dot  at  a  single  swift  stroke,  he  has  reduced  to  a  minute  quantity  the 
perturbations  in  the  motion  of  the  dii^,  which  arise  from  the  act  of 
recording.  The  methods  for  adjusting  the  disk  and  reading  its  record, 
exclude  all  danger  of  error  from  imperfect  centering,  while  the  inge- 
nious apparatus  for  reading  admits  of  great  nicety  and  rapidity  in  tfie 
execution  of  this  task.  The  attention  which  has  been  paid  to  the 
determination  and  elimination  of  minute  sources  of  error,  such  as 
armature  time  and  the  like,  deserves  high  commendation. 

2.  In  regard  to  the  apparatus  for  observing  Declinations,  the  Com- 
mittee report,  in  some  respects,  with  less  confidence,  because  the  series 
of  observations,  although  quite  various,  is  not  yet  sufiiciently  extensive. 
They  think,  however,  that  they  may  venture  to  report  upon  the  proba- 
ble capabilities  of  the  apparatus,  and  the  limit  of  accuracy  Which  it 
may.  be  expected  to  attam,  and  which  it  may  already  have  attained. 
The  principles  of  its  construction  are  regarded  by  the  Committee  as 
perfectly  correct,  and  as  exhibiting  a  happy  combination  of  ingenuity 
and  originality.  They  are  surprised  and  delighted  at  the  simplicity 
with  which  all  danger  of  error  from  eccentricity  or  flexure  is  avoided, 
as  a  partial  equivalent  for  which  it  may  be  important  not  to  overlook 
any  short  lateral  motion  of  the  pivot  of  the  telescope  in  its  socket.  In 
its  present  form,  the  apparatus  must  be  considered  to  be  purely  differ- 
ential, and  to  depend  upon  other  fundamental  observations  for  the 
determination  of  the  length  of  its  arc.  With  this  condition,  the  mea- 
surement of  differences  of  declination  may  extend  to  the  degrees,  and 
perhaps  much  further,  without  any  loss  of  accuracy.  The  principal 
feature  which  characterizes  this  apparatus,  and  distinguishes  it  horn  all 
others,  consists  in  its  admitting  of  the  observation  of  ten  different 
horizontal  wires  during  a  single  transit ;  and  these  observations  are 
made  with  great  facility,  without  mental  tension,  and  so  close  to  the 
meridian  as  to  involve  no  difficulty  in  their  reduction  to  the  meridian. 

By  an  additional  piece  of  mechanism  for  some  observations,  tiiese 
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may  be  conduoted  with  unaurpaased  rapidity,  and  sufficient  exactness, 
without  risk  of  eonfosion  or  any  perplexity  of  thovi^ht  on  the  part  of 
the  observer. 

Finally,  the  Comnuttee  are  not  aware  that  the  history  of  astronomical 
acienee  exhibits  a  more  astoniiriiing  instance  of  great  results  produced 
with  what  would  seem  to  be  wholly  inadequate  means.  With  the 
ordinary  tools  of  a  common  mechanic,  and  witii  insignificant  pecuniary 
outlay,  an  isolated  individual  has  aspired  to  rival  the  behest  eflforts  of 
the  most  nchly  endowed  institutions,  upon  which  sovereigns  and  gov- 
ernments have  showered  their  inexhaustible  patronage ;  and  his  aspi- 
rations have  been  crowned  with  success.  The  Committee  are  persuaded 
that  under  more  propitious  circumstances,  and  with  more  generous 
opportunities,  Prof.  MitchePs  plans  of  apparatus  will  lead  to  still  more 
admirable  results,  and  contribute  yet  farther  to  the  advancement  of 
astronomical  science.  (  Signed^ ) 

BXNJAMIK   PxiBOB, 

Chaklbs  Wilkxs, 
Sbabs  G.  Walkbb, 

J.   H.    C.    Ck)FFIK, 

Sahuxl  St»  Johk. 

Prof.  Bachb  remarked  that  the  value  of  this  decided  and  persjncu- 
ous  report,  was  enhanced  by  the  cool,  investigating  character  of  the 
members  of  the  Committee,  and  the  practical  and  theoretical  knowledge 
which  they  had  brought  to  their  task.  The  circumstances  attending 
the  reception  of  the  description  of  Prof.  Mitchel's  invention  at  the 
New  Haven  meeting,  further  increased  its  value.  It  was  not  surprising 
that  those  versed  in  the  methods  of  astronomical  observations  in  estab- 
lished use,  should  be  skeptical  in  regard  to  the  performance  of  an 
apparatus  avowedly  constructed  with  imperfect  means,  and  startled 
when  its  results  were  stated  as  vying  with  those  of  perfect  instruments, 
imported  or  made  at  a  great  cost.  These  opinions  were  freely  expressed, 
and  no  considerations  of  private  friendship  were  aUowed  to  interfere 
with  a  protest  which  seemed  to  many  members  of  the  Association  to 
be  necessary  against  the  pretensions  thus  set  up.  Prof.  Mitchel  did 
not  doubt,  but  with  a  manly  love  of  truth,  courted  examination,  and 
invited  those  who  objected  to  make  the  closest  scrutiny  of  his  results. 
This  has  been  done  at  the  present  meeting.  The  Committee  has  care- 
fully, and  with  great  minuteness,  investigated  the  whole  apparatus,  its 
action,  and  its  results ;  they  have  given  a  considerable  portion  of  their 
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time  to  this  inyestigation,  and  now  unanimously  report  diat  they  are 
satisfied  that  the  claims  set  up  for  this  method  as  a  marked  improve- 
ment are  real.  It  goes  out,  then,  with  the  stamp  of  this  AjBSociatioa  ; 
it  has  passed  a  critical  ordeal,  and  stands  by  its  merits,  as  one  of  the 
most  important  steps  ever  made  in  our  country  in  the  progress  of 
astronomical  observation. 

Prof.  MiTCHEL  remarked  that,  on  presenting  to  the  Ameiiean  Asso* 
ciation  an  account  of  the  new  machinery  for  the  registration  of  astzo- 
nomical  observations  in  Right  Ascension  and  Declination,  he  was  not 
at  all  surprised  that  the  results  reached  by  such  apparently  inadequate 
means,  should  have  produced  a  powerful  revulsion,  and  that  there 
should  have  arisen  a  seeming  rebellion  i^ainst  these  presentations, 
in  the  minds  of  the  most  judicious  and  conservative  members  of  this 
body.  But  he  had  no  where  else  to  go,  but  to  the  American  Asso- 
ciation. The  instruments  were  complex  in  their  character,  difficult  to 
be  understood,  and  requiring  minute  inspection  and  personal  examina- 
tion for  their  full  comprehension.  And  when  doubts  were  expressed, 
by  high  authority,  the  only  course  was  to  challenge  the  most  rigid 
examination.  The  high  standing  of  the  Chairman  of  the  Committee 
to  conduct  this  examination,  was  well  known,  and  his  report  had  just 
been  presented.  Prof.  Mitchel  would  not  attempt  to  express  the  grati- 
fication afforded  by  a  confirmation  of  his  own  views  <^  these  methods 
by  the  opinions  of  such  gentlemen  as  those  composing  this  Committee. 
He  could  only  say,  that  however  severe  the  demands  of  the  CfHumittee 
might  be  on  the  performance  of  the  machinery,  his  own  demands 
would  be  infinitely  more  stem  and  unyielding  in  their  character. 

On  motion  of  Mr.  CoAKLsr,  it  was  resolved  to  offer  the  report  of 
Prof.  PsiBOB  to  the  city  papers,  for  immediate  publication. 

3.  Ok  THB  Fossil  Rain-marks  voukd  in  thb  Red  Sandbtoiix  Rooks 
or  Kbw  Jbrsbt  akd  thb  Connecticut  Yallbt,  and  thbib  authsn- 
TIC  Chabaoteb.    By  W.  C.  Rbdfieu),  Esq.,  of  New  York. 

In  a  short  notice  of  some  newly  discovered  fish-beds,  and  a  foeail 
footmark  in  the  Red  Sandstone,  at  Pompton,  in  New  Jersey,  published 
in  the  forty-fourth  volume  of  Silliman's  Journal,  First  Series,  I  took 
occasion  to  refer  to  numerous  slabs  and  fragments,  in  the  quarries  at 
Pompton,  which  exhibited  fossil  impressions  of  rain-drops,  or  hail,  and 
natural  casts  of  the  same,  in  relief.  I  stated,  that,  while  there  was 
great  variety  in  the  impressions,  (as  regarded  different  slabs,)  some  of 
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the  specimens  were  of  the  most  perfect  character;  while,  in  not  a  few 
cases,  the  oblique  form  of  the  impressions  served  to  show  that  the  drops 
had  been  dnren  by  a  strong  wind.  The  angular  forms,  as  well  as  the 
obHquity,  of  some  of  the  impreesiona,  appeared  to  be  due  to  a  storm 
of  hail. 

Other  impressions,  of  this  character,  had  been  found,  by  Professor 
Hitehcock,  in  the  sandstone  rodcs  of  the  Connecticut  Valley.  My  first 
observation  of  the  rain-marks  was  in  1842,  in  company  with  Sir  Chas. 
Lyell,  when  I  found  a  good  specimen  in  the  old  quarries  at  Newark. 
From  this  time  I  had  given  careful  attention  to  the  recent  impressions 
of  rain  on  various  surfaces,  and  to  those  made  on  unbumed  brides, 
preserved  by  subsequent  exposure  to  heat  in  the  kiin.  I  brought  off 
a  considerable  number  of  spedmens  from  the  quarries  at  Pompton, 
which  were  the  finest  and  most  satisfactory  that  I  have  yet  seen. 
Suits  of  these,  showing  *the  various  action  of  rain,  under  different 
circumstances,  I  have  furnished,  at  different  periods,  to  Sir  Charles 
Lyell,  and  to  Protesor  Rcemer,  at  Bonn ;  so  that  my  stock  of  good 
specimens  is  nearly  exhausted.  I  am  sorry  to  say  that  these  quarries 
are  no  longer  worked ;  so  that  choice  specimens  are  not  easOy  found  at 
this  time.  Some  small  and  inferior  speomens  I  submit,  at  this  time,  to 
the  inspection  of  the  members ;  and  the  examination  of  these,  I  trust, 
will  be  sufficient  to  remove  all  reasonable  doubte  of  their  true  character. 

In  the  printed  Proceedings  of  the  Boston  Society  of  Natural  History, 
I  have  noticed  an  attempt  to  account  for  the  origin  of  these  impressions, 
by  ascribing  them  to  ''air-bubbles,  formed  in  the  waves  of  the  surf, 
when  rolling  over  the  beach."  If  the  impressions  from  the  Pompt<m 
quarries  had  been  seen,  and  compared  with  the  bubble^marks  thus 
referred  to,  I  feel  confident  that  this  hypothesis  would  not  have  been 
TeBed  on  for  explaining  the  impressions.  It  is  stated  that  the  bubble- 
marks  are  of  various  kinds,  as  seen  forming  at  the  same  time.  But 
the  rain-marks,  (m  each  separaite  elab,  are  mcH-e  generally  uniform ; 
while  different  slabs  show  the  varied  effects  of  rain  under  different 
circumstances  and  conditions.  Moreover,  the  rain-marked  surfaces 
show,  by  various  indications,  that  they  could  not  have  been  exposed  to 
the  aetkm  of  the  surf,  or  waves.  The  impressions  are  usually  foimd 
on  a  thin  covering  of  clayey  matter,  such  as  is  deposited  from  small 
and  shallow  pools,  after  a  rain,  and  which  Hes,  genendly,  upon  a  harder 
snrfoee,  and  would  have  been  at  once  removed  by  the  washing  of 
waves.    Nor  would  the  firm  consistence  of  the  substratum  allow  of  any 
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free  escape  of  air-biibbles  from  below,  «8  in  tbe  case  in  soft  and  o^xy 
deposits  of  mod. 

I  have  met  with  no  practical  geologist  who,  on  e^camming  the  New 
Jersey  specimens  of  rain-marics,  was  not  satisfied  of  their  gennine 
character.  Mr.  Ljell  has  given  much  attention  to  rain-impressions, 
since  our  discovery  of  the  specimen  at  the  Newark  quarries ;  and  in  a 
letter  which  I  lately  received  from  our  fellow-member,  Mr.  Hodge, 
occurs  the  following  extract: — "Mr.  Lyell  also  wished  me  to  say  to 
you,  that  he  had  examined,  with  Mr.  Logan,  a  great  number  of  recent 
rain-impressions  upon  clay,  and  compared  them  with  those  ancient 
ones  you  have  brought  to  light  in  the  Red  Sandstone  of  New  Jersey, 
and  they  both  are  entirely  satisfied  that  the  opinions  of  Mr.  Desor  are 
altogether  unfounded,  and  that  your  views  are  correct*  as  to  the  origin 
of  these  impressions." 

Mr.  Dbsor  would  not  deny  that  there  existed  genuine  impressMMia  of 
rain-drops,  in  various  sandstone  formati<ms.  He  esnsidered  espedally 
as  such  those  which  are  surrounded  by  a  rim,  and  are  elongated  in  a 
uniform  direction,  showing  that  the  rain  was  driven  by  the  wind.  But 
there  are  found,  in  the  Potsdam  sandstone  of  Isle  Royal,  slab^impres- 
sions  of  larger  size  than  the  common  rain-drop  marks,  frequently  half 
an  inch  in  diameter,  and  without  any  rim.  These,  he  thought,  could 
not  be  rain-drops ;  having  found  them,  in  every  respect,  similar  to 
those  impressions  made  by  the  air-bubbles  when  bursting  on  the  sand- 
beaches,  during  the  surf.  He  should  be  inclined  to  consider  aU  those 
impressions  as  bubble-marks,  unless  the  absence  of  a  rim  could  be 
satisfactorily  explained.    Those  of  Lake  Superior  were  without  any  rim. 

Mr.  Rbdfixld  said,  that  he  had  noticed  marks  on  the  Potsdam  sand* 
stone  which,  he  thought,  could  not  have  been  produced  by  rain.  They 
appeared  like  the  prolonged  effect  of  continued  drippings  of  water  in 
different  spots,  from  some  substances  suspended  above  the  surface  of 
of  the  ground. 

Prof.  MxiuuoK  had  had  an  opportunity  of  comparing  the  effect  of 
rain-drops  upon  the  recent  sand,  and  those  upon  the  sandstone,  in 
immediate  proximity.  While  engaged  in  examining  the  sandstone  in 
the  vicinity  of  South  Hadley  Mass,  a  shower  occurred,  and  the  impres- 
sions upon  the  sand  of  the  river  beach  produced  marks  precisely  similar 
to  those  on  the  sandstone.  All  the  variations  of  form  produced  by  the 
wind  driving  the  drops  of  rain  forward,  were  perfectly  represented  upon 
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the  sand  by  the  recent  rain-drops  as  upon  the  ancient  rock.  The 
relative  position  of  the  impressions  were  also  strikingly  cdmilar.  He 
had  also  noticed  the  impressions  of  hail-stones,  in  connection  with  those 
of  rain,  upon  the  sandstone  of  Newark,  N.  J.  The  angular  form  of 
the  hail  was  cQstinctly  seen.  The  thin  film  of  clay,  which  covered  the 
sand,  was  removed,  and  the  «and  somewhat  displaced.  The  diameter 
of  these  impressions  was  from  half  to  three-fourths  of  an  inch. 

Mr.  Rbdfixld  remained,  that  he  had  observed  that  the  rain-drop 
impressions  on  the  sandstones  of  New  Jersey  had  an  oblique  form, 
owing  to  the  direction  of  the  wind,  and  that  this  direction  was  given  by 
a  westerly  wind,  the  same  point  from  which  violent  thunder  squalls 
now  come.  These  are,  therefore,  the  oldest  meteorological  records—* 
records  reaching  back  to  the  Triasic  period. 

Prof.  HiftNRT  inquired,  what  was  the  form  of  these  impressions  ? 

Prof.  MxBRiCK  replied,  a  Utile  convex  upon  the  surface. 

This  Prof.  Hsnbt  had  inferred  from  the  form  of  the  drop.  This,  in 
its  passage  through  the  air,  tended,  at  first,  to  become  spherical  by 
capillary  attraction,  and  then  to  be  flattened,  and  even  to  become 
concave,  on  the  lower  side.  In  this  condition,  a  contractile  force  is 
developed  which  tends  to  form  the  reverse^  disk,  if  I  may  so  describe 
it,  into  a  hollow  sphere,  which  explains  the  accumulation  of  the  matter 
in  the  center  of  the  impression. 

4.  Oh  the  Dstsrmination  of  the  Velocitt  of  Sound,  bt  the  Method 
OF  Coincidences.    By  Prof.  A.  D.  Bache,  LL.  D. 

This  method  occurred  to  me  about  the  year  1832,  when  observing 
the  marching  of  the  corps  of  cadets  across  the  plain  at  West  Point,  to 
martial  music,  and  at  quick  step.  At  first  the  left  foot  was  brought  to 
the  ground  in  the  cadences  of  the  music ;  soon  it  appeared  as  though 
step  was  not  kept  to  the  music ;  and  as  the  music  and  the  marching 
body  receded,  the  right  foot  appeared  to  strike  the  ground  in  the 
cadences.  There  was  a  succession  of  such  alternations.  This  suggested 
the  idea  that  by  providing  a  regular  series  of  alternate  motions,  any 
remarkable  phase  in  which  was  simultaneous  with  a  sound,  and  moving 
at  a  suitable  distance,  corresponding  to  the  loudness  of  the  sound,  and 
with  proper  appliances  to  assist  the  sight,  a  very  simple  and  exact  mode 
of  determining  the  velocity  of  sound  would  be  had.  With  such  a  method 
sounds  of  different  qualities  could  readily  be  employed,  so  as  perfectly 
to  test  the  usually  received  doctrine,  that  the  quality  of  a  sound  has 
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luenee  on  the  velocity  of  its  propagation.  The  ease  with  whidli 
experiments  could  be  made,  would  permit  the  experimental  solur 
f  many  questions  in  regard  to  the  circumstances  influencing  the 
ity  of  soimd,  at  present  but  imperfectly  resolved, 
.ried  many  imperfect  experiments  in  this  method  in  1834,  and 
bained  that  the  limits  of  distance  over  which  the  uncertainty  in  the 
mination  of  a  coincidence  in  sight  and  sound  extended,  would  not 
ere  seriously  with  the  accuracy  of  this  determination.  The  want 
sans  to  procure  a  suitable  apparatus,  prevented  me  from  prosecut- 
hese  experiments,  which  I  had  almost  lost  sight  of,  when  they 
recalled  to  my  mind  by  the  methods  of  determining  the  limits  of 
ptibility  of  direct  and  reflected  sounds,  in  the  interesting  experi- 
3  described  to  the  Association  by  Prof.  Henry, 
ught  not  to  omit  the  statement  that,  in  describing  my  experiments 
late  Prof.  Adrain,  of  the  University  of  Pennsylvania,  he  informed 
lat  the  same  idea  had  occurred  to  him  several  years  previous  to 
Dmmunication  to  him,  but  had  not  been  carried  into  execution^ 

of.  Coffin  remarked  that  the  idea  suggested  by  Prof.  Bache,  of  a 
ilium  operating  by  means  of  an  electric  circuit,  as  a  method  of 
icing  a  regular  sound,  was  capable  of  an  interesting  and  important 
opment.  By  such  a  connection,  the  pendulum  might  not  only 
ice  a  sound  at  its  own  location,  but  also  at  the  station  of  the 
Ter,  and  thus  the  observation  would  be  reduced  to  noting  the 
idence  of  two  sounds  ;  or  a  regular  motion,  coincident  with  that 
e  pendulum,  could  be  brought  immediately  imder  the  eyes  of  the 
Ter  ;  or  the  pendulum  itself  be  located  near  him,  and  under  his 
t  control ;  or  by  means  of  registers,  such  as  have  already  been 
iuced  into  astronomical  observations,  the  pendulum  could  record 
ni  vibrations. 

such  ways,  an  interesting  variety  may  be  introduced  into  a  series 
^servations,  and  a  new  importance  and  accuracy  secured  to  the 
ts. 

N  THB    GONIATITS  LuiESTONX   OF  RoCKFOBD,  JaOKSON  CoUNTT,  InD. 

By  D.  Christv,  Esq.,  of  Oxford. 

i,  PRESiDBkr:  I  have  but  a  single  fact  to  communicate  to  the 
ciation.  It  is  this  :  that  certain  species  of  Goniatites,  described 
irope  as  Carboniferous  fossils,  are  central  in  the  Black  ^ate  of 
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Indiana.  Thia  Slate,  in  that  State,  as  elsewhere  in  the  West,  rests 
upon  the  Cliff  Limestone.  The  point  of  interest  to  the  geologist,  in 
this  discoTery,  is,  that  it  brings  down  the  Carboniferous  system  much 
lower  than  it  was  supposed  to  exist. 

The  examination  which  led  to  this  result  was  undertaken  at  the 
urgent  request  of  M.  de  Yemeuil,  of  Paris.  It  was  my  good  fortune 
to  make  the  acquaintance  of  that  distinguished  Palaeontologist,  during 
his  visit  to  this  country  in  1846.  In  forwarding  to  him,  subsequently, 
a  few  boxes  of  fossils,  in  exchange  for  those  of  Europe,  I  included 
three  species  of  Goniatites  from  Rockford.  These  were  determined  to 
be  G.  rotatoriu8,  G.  prmcep^t  ai^d  G,  cydo-lobus,  all  of  which  aiB 
Carboniferous  fossils — ^the  first  two  belonging  to  the  Mountain  Lime- 
stone of  Belgium,  and  the  latter  to  that  of  England. 

In  1848,  M.  de  Yemeuil  communicated  to  me  his  intention  of  describ- 
ing and  pubtishing  the  Goniatites  of  America,  and  requested  me  to 
▼isit  Rockford  to  obtain  as  many  associated  species  as  possible,  and  to 
examine  particularly  Iheir  geological  position.  Dr.  D.  D.  Owen,  he 
said,  had  presented  him  some  Goniatites  from  that  locality,  and  had 
assured  him  they  were  from  the  strata  beneath  the  Cliff  Limestone. 
But  M.  de  Yemeuil  said  he  could  not  be  persuaded  that  this  was  their 
true  position,  until  the  locality  should  be  again  visited,  and  more  care- 
fully examined  than  Dr.  Owen's  hasty  reconnoissance  had  allowed.  He 
said  that,  until  then,  he  must  conclude  they  were  above  the  Black 
Slate,  and  not  beneath  it. 

In  the  course  of  1849  a  visit  to  Rockford  was  accomplished,  but  lame 
permitted  an  examination  only  of  its  vicinity.  The  result  was  a  con- 
firmation of  Dr.  Owen's  opinion.  But  it  was  suggested  to  M.  de 
Yemeuil,  as  a  solution  of  the  mystery,  that  the  Black  Slate  of  the 
West,  may  be  only  a  continuation  of  the  superior  strata  of  the  corres- 
ponding series  of  shales  in  Pennsylvania,  where  that  immensely  deve- 
loped formation  unites  with  tiie  Carboniferous  rocks.  These  shales,  in 
Pennsylvania,  are  estimated,  by  Prof.  Rogers,  at  a  thickness  of  six 
thousand  feet.  But  in  Ohio,  this  formation  has  thinned  down  to  three 
hundred  and  fifty  feet,  and  in  Indiana  to  sixty  or  seventy  feet.  It  was 
therefore  concluded  tiiat  the  Western  continuation  of  the  inferior  strata 
of  the  Carbomierons  rocks  of  Pennsylvania,  must  rest  upon  the  Clilf 
Idmestone  of  Indiana,  and  that  the  Qoniatite  Limestone  of  Rockford, 
with  all  tiie  overlying  strata,  belongs  to  the  Carboniferous  period. 

In  January,  and  again  in  April,  1860,  M.  de  Yemeuil  wrote  me, 
that  he  was  progressing  with  his  publication  of  our  Goniatites,  and 
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^  me  very  strongly  to  revisit  Rockford,  and  make  more  eztenBire 
gations.  It  was  most  important  to  him  to  refer  them  to  their 
eological  position. 

complying  with  this  request,  I  not  only  ascertained  the  true  posi- 
:  the  Goniatites,  but,  through  the  politeness  of  Drs.  Williamson 
[ilUs,  and  other  citizens  of  Rookford,  I  obtained  two  or  three 
s  of  Cyrtocera,  three  or  four  of  Orthocera,  and  as  many  of 
ophyllae,  in  the  Goniatite  Limestone. 

se  fossils  are  found  in  a  bed  of  impure  Limestone,  which,  I  was 
Led,  could  not  be  burnt  so  as  to  slack.  It  is  only  exposed  at  very 
ater,  in  the  bottom  of  the  riyer,  immediately  below  a  mill  dam, 
|ring  only  a  few  square  rods.  In  ascending  the  riyer,  three  miles 
east  from  Rockford,  the  Black  Slate  was  found  at  the  mill  of  Mr. 
,  thirty  feet  in  thickness,  occupying  the  bluffs  and  bed  of  the 

The  dip  being  south-west,  shows  that  this  slate  is  above  the 
bite  Limestone.  The  slate  is  no  where,  in  this  neighborhood, 
jd  beneath  the  limestone ;  and  both  Dr.  Owen  and  myself  were 
3d  into  error,  and  supposed  that  this  rock  constituted  the  upper 
of  the  Cliff  Limestone. 

extending  the  examinations,  a  point  on  the  Yemon  fork  of  Mus- 
ck  was  next  visited,  seven  miles  southeast  of  Rockford,  at 
ler's  Mill,  where  twenty-eight  feet  of  the  Black  Slate  is  exposed 

pot-hole  below  the  dam,  and  in  the  bluffs.  At  one  point  this 
s  overlaid  by  a  thin  stratum  of  limestone,  but  destitute  of  G^nia- 

Mr.  Wheeler  accompanying  me,  we  passed  up  the  mill  pond, 
iast,  a  mile  and  a  half,  to  his  stone  quarry,  and  found  a  massive 
'  limestone  resting  upon  the  slate,  a  little  above  the  water's  level, 
ourse  of  the  river  is  nearly  with  the  9trike  of  the  rock,  and  the 

are  almost  horizontal.     At  the  quarry  we  found,  after  close 
i,  two  Goniatites,  with  a  few  other  fossils,  all  identical  with  those 
ckford.     Here,  now,  we  had  the  Goniatite  Limestone,  with  at 
wenty-eight  feet  of  Black  Slate  beneath  it. 
ending  our  investigations  up  the  valley^  nearly  east,  to  where  a 

reaches  a  high  bluff,  we  found  thirty  feet  of  Black  ^te  above 
nestone,  but  on  account  of  the  slaty  debris  at  its  base,  the  laitter 
;ould  not  be  seen.  This  discovery  settled  the  question,  Hiat  the 
tites  are  not  in  the  Cliff  Limestone,  but  central  in  the  black  slate, 
passmg  westward  from  Oxford,  Ohio,  to  Rockford,  the  geological 
a  to  which  I  would  call  your  attention,  first  presents  an  outlier 

Cliff  Limestone  upon  the  Blue  Limestone,  at  Napoleon,  Indiana, 
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twenty-seyen  miles  northeast  of  Scipio,  on  the  Madison  and  Indian- 
apolis railroad.  At  Scipio  the  Cli£f  Limestone  dips  beneath  the  out- 
liers of  the  Black  ^te,  and  in  a  few  miles  is  lost  to  view  below  the 
date  and  drift.  Bockford  is  eleven  miles  from  Scipio,  on  this  same 
southwest  line.  Without  a  knowledge  of  the  rate  of  dip  of  the  strata, 
it  will  be  seen  how  easy  it  was  for  any  one  to  conclude  that  the  Qonia- 
tites  are  in  the  Cliff  limestone.  If  the  dip  were  only  half  what  it  is, 
the  latter  rock  could  not  have  sunk  below  the  river's  bed  at  Bockford. 

Dr.  Owen,  in  his  report  on  the  geology  of  Indiana,  I  was  told,  esti- 
mated the  thickness  of  this  slate  in  this  region,  at  only  twenty-five 
feet.  At  Tout's  mill  there  is  at  least  that  thickness,  and  no  other  de- 
cision could  have  been  made,  than  that  the  Rockford  limestone 
belongs  to  the  cliff.  A  little  reflection,  however,  satisfied  me  on  •my 
last  visit,  that  the  Black  Slate  must  have  a  greater  thickness  than 
twenty-five  feet.  The  Cliff  Limestone  must  be  nearly  two  hundred 
feet  thick,  and  it  had  disappeared  in  a  nearly  level  country,  beneath 
the  slate,  in  about  thirty  miles.  In  fourteen  miles,  therefore,  more 
than  twenty-five  feet  of  slate  would  disappear — there  being  no  change 
of  the  rate  of  dip. 

But  a  second  section,  the  materials  for  which  were  obtained  on  my 
homeward  trip,  affords  the  means  of  deciding  the  question,  even  had 
no  Gk>niatite6  been  found  at  Wheeler's  mill.  At  QueensviUe,  a  few 
miles  east  of  Scipio,  on  the  railroad,  the  Black  Slate  caps  the  hills, 
leaving  fifteen  or  twenty  feet  of  the  Cliff  Limestone  exposed  in  the 
banks  and  bed  of  Six  Mile  creek.  From  QueensviUe,  my  section 
extended  southwest  to  Wheeler's  mill,  a  distance  of  thirteen  miles. 
Five  miles  from  QueensviUe  on  this  line,  at  Judge  Whitcomb's,  the 
slate  has  reached  the. bed  of  Six  Mile  creek,  and  the  Cliff  Limestone 
disappears  beneath  it.  The  latter  rock  is  well  exposed  in  the  banks 
of  the  creek,  the  whole  five  nules.  The  stream  itself  must  have  a  fall 
of  near  three  feet  to  the  mile,  or  fifteen  feet  in  this  distance.  In  five 
nules,  then,  the  limestone  has  sunk  nearly  thirty  feet,  making  its  dip 
six  feet  to  the  mUe.  In  the  next  eight  mUes,  therefore,  to  Wheeler's 
miU,  the  strata  must  sink  forty -eight  feet,  if  our  approximate  estimate 
of  the  dip  be  correct.  This  would  leave  the  thirty  feet  of  slate  at  the 
bluff,  northeast  of  Wheeler's  miU,  above  the  level  of  the  Goniatite 
Limestone.  At  the  miU,  twenty-eight  feet  lie  below  it.  This,  then, 
fixes  the  Gk>nia1ites  central  in  the  Black  Slate. 

Six  mUes  below  Bockford,  the  hiUs  of  gray  and  bluish  soft  shales 
are  found,  the  lower  strata  of  which  being  so  near  the  level  of  the 
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as  to  lead  to  the  conclusion  that  the  upper  Black  Slate  is  not 
>ver  thirty  feet  in  thickness.  In  continuing  the  section  south- 
rd  to  the  Muscatatack  hills,  we  have,  overlying  the  Black  Slate, 
hree  hundred  and  fifty  to  four  hundred  feet  of  soft  shale,  with 
asional  stratum  of  limestone,  and  some  beds  of  sandstone, 
ig  fossils.  At  the  summit  of  the  Muscatatack  hills,  which  are 
ive  hundred  feet  in  hight,  the  Mountain  Limestone  is  finely 
ed.  Tracing  it  to  where  the  coarse  sandstones  and  coal  overlie 
ickness  of  three  hundred  and  fifty  feet  is  indicated, 
lid  the  European  geological  subdivisions  be  adopted  in  this 
r,  it  will  be  seen  that  this  discovery  will  require  us  to  bring 
)ur  Carboniferous  rocks  to  the  center  of  the  Blade  Slate,  or 
about  thirty  feet  of  our  CKff  Limestone.  A  reference  to  the 
reological  Reports,  will  show  that  the  Waverly  Sandstone  oceu- 
arly  this  position  in  Ohio,  and  the  Goniatite  Limestone  of  Bock- 
ly  be  its  equivalent. 

(V  me,  now,  Mr.  President,  to  place  another  fact  upon  record, 
ection  with  your  transactions  in  the  West.     I  have  had  some 

of  the  Indiana  gold,  with  its  black  sand,  sent  to  me.  Mr. 
\T  was  one  of  those  who  collected  some  of  this  gold.    He 

out  to  me  the  spot  where  it  was  obtained.  It  was  at  the  junc** 
the  Drift  with  the  older  rocks.  The  statements  of  all  others 
ond  with  Mr.  Wheeler's,  so  that  the  gold  of  Indiana  is  of 
I  origin. 
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THIRD  DAY:  WBDNB8DAY,  MAY  7,  1861. 
Bvemng  Session. 
Thb  paper  of  the  eyening  was  as  follows : 
1.  Rbsults  of  ak  Ezplobation  of  thb  OoBAi  Rbbfs  of  Flobida,  nr 

OONNBCnON  WITH  THB.U.  S.  .CoAST  SuBYBT.     Bj  Prof.  L.  AoASSIS. 

It  had  recently  been  his  good  fortune,  said  Prof.  Aoassiz,  to  hare 
an  opportunity  of  exploring  the  Reefs  of  Florida,  under  the  auspices  of 
the  U.  S.  Coast  Survey,  wfth  a  yiew  of  investigating  the  character  of 
the  coast,  and  the  structure  of  its  extensive  range  of  corals.  ' 

The  Superintendent  of  the  Coast  Survey,  Prof.  Bache,  had  afforded 
him  every  facility  for  prosecuting  his  invcfstigations,  and  had  desired 
him  to  report  the  results  obtained,  with  a  view  of  being  useful  to  the 
topographical  investigations  going  on  under  Prof.  B.'s  direction.  Prof* 
Agassiz  expressed  his  great  obligation  to  the  Superintendent  and  the  in- 
telligent officers  of  the  Survey,  for  the  assistance  and  information  which 
had  enabled  him  to  obtab  results  which  might  otherwise  have  required 
months,  and  perhaps  years,  of  careiful  observation.  He  hoped  these 
results  .would  prove  as_useful,  as  they  had  been  instructive  to  himself. 

At  the  outset,  he  would  say  that  the  coral  reefe  of  Florida  differ 
entirely  from  the  coral  reefs  of  other  seas,  which  have  been  so  ably 
described  by  Messrs.  Dana  .and  Darwin — ^by  Mr.  Darwin  of  the  British 
Exploration,  under  Captain  Fitzroy,  and  by  Mr.  Dana  of  the  United 
States  Exploring  Expedition,  under  command  of  Ci^.  Wilkes. 

In  order  to  point  out  the  peculiar  characteristics  of  the  Reef  of 
Florida,  it  would  be  necessary  to  speak  of  the  reefs  of  other  regions, 
and  particularly  those  of  the  Pacific.  These  are  divided  into  three 
classes,  viz :  the  Fringing  reef,  the  Barrier  reef,  and  Lagoon  or  Atoll 
islands.  The  characters  of  each  of  these  divisions  fully  justify  such 
a  classification.  But  in  the  case  of  the  Florida  reef,  the  coral  form- 
ations extend  in  several  parallel  ridges  between  the  main  land  of 
Florida  and  the  €hilf  Stream,  in  a  westerly  course,  •  divei^g  more 


Digitized  by 


Google 


PROcsBttoea  ov  n»  Amaicijr  jdMoouffiOK 

from  the  main  land,  until,  near  Cape  Sable,  they  are  forty 
mi,  stretching  like  a  broad  arm  into  the  Gulf  of  Mexico,  and 

in  a  southerly  direction  into  the  rapid  current  of  the  Gulf 
The  Pacific  ocean  reefs,  on  the  contrary,  grow  in  the  open 
liffer  essentially  in  character  from  those  of  Florida, 
ncipal  reef  of  liying  corals  in  Florida,  occurs  between  the 
s  and  the  rapid  sea  current  which  nms  between  Cuba  and 
i  encircling  the  main  land  of  Florida ;  but  other  coral  deposits 
liar  nature  are  found  to  exist  around,  upon  and  between  the 

the  main  land.  The  comtined  acticm  of  the  tidea  and  cur- 
luces  eddies,  in  which  fine  sand,  and  even  mud,  is  deposited 
t  reefe.  These  materials  Prof.  Agassis  considered  to  be  miauto 

of  c(Hrals,  of  an  mpa^>able  powder^  held  ia  suspenaieii  by 
,  which  is  rendered  milky-white  by  their  presence.     At  a 
moe  beyond,  the  water  becomes  clear, 
ee  cla«sea  ^f  coral  ree£s  dJstinguiskaJble  elaewheie,  wese  ex- 
r  Prof.  A.  with  the  aid  <^  Uackboard  diagrams.    Fivst,  Uie 

feefii,"  secondly,  the  "barrier  reefe,"  which  £orm  rising 
lome  distance  from  th#  main  land,  between  which  and  the 
oad  and  safe  channel  frequently  exists;  and,  thirdly,  ik» 
'*  or  atoU  islands^  whieh,  present  circular  walls,  8<Haetina» 
I  aad  sometimes  iHroken,  up.    The  lagoons  often  c<Mistituie 

and  safe  hiffbers.  These  encircling  reefs  are  fomed  in  a 
Dukr  to  the  barrier  reefe,  by  the  growth  of  coral  frtHB  ¥ano«a 
the  surface.  The  foniaation  of  the  two  latter  classes  of  ree£» 
iscribed  to  the  svbaideniee  of  the  bottcmi,  ec»nbmed  witk  th^ 
rowth  of  the  oorals. 

Lge  of  living  reef  building  eorala  has  been  ascertained  to  be 
stween  a  depth  of  sixteen  to  twenty  fathoms,  and  a  few 
ow  low  water  mark — for,  unless  constantly  submerged,  they 
hey  are  frequently  found  dead  at  enormous  depths,  forming 
pilous  waUs  oi  coral  rock. 

da  we  have  no  bcurier  reef,  but  a  series  of  coneenirie  reefs, 
parallel  channels,  formed  without  the  slightest  indication  of 
ice  or  uphearal.  These  are  the  outer  reef,  the  Florida  Keys^ 
iMtie  blu£fi»»  with  the  main  channel  south  of  the  Keys  ;  the 
between  the  Keys  and  the  main  land,  with  a  slight  depth  of 
m  not  more  than  two  feet ;  and  flat,^  low  islands,  on  which 
I  eztensiye  growth  of  Boangroves.  The  Keys  rise  from  ten 
seldom  moare  than  thirteen  feet  abore  the  level  of  the  ocean. 
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Ketr  the  shore,  there  are  mud  aoMl  eoral  aceuBOolatwosi,  which  axe 
eTidcntiy  the  results  of  the  decompoeilaGft  of  the  soiid  parts  of  the 
corals  them8elTe8« 

Beyond  the  Keys,  the  duBUiel  is  from  five  to  mr,  and  seldcnn  mate, 
JBthoiiis  deep.  Its  boundaries  are  frequently  indicated  by  smaU  iidands 
or  shoals,  soviet  which  form  rery  dangerous  reefii,,  such  as  Carislbrd 
reel  It  is  withm  tiiis  channel  thai  the  wrec^rs  take  up  their  abode, 
beiny  safely  sheltered  from  the  strong  gales  which  blow,  frequently, 
outside,  behind  the  waUs  of  the  outer  reef,  mid  the  bar  islands  rising 
for  a  few  fei^  above  the  level  of  the  ocean.  No  coast,  said  Prot  A., 
would  be  Boore  secure  and  sale  for  navigation  than  this,  if  it  was  properly 
undersbood ;  for  every  twenty  miles  tiiere  is  abroad  and  safe  harbor  to 
run  iato.  But,  at  present,  it  is  perhi^s  more  dangerous  to  know  of  these 
harbors,  than  to  be  ignorant  of  their  eadstenes  ,*  for  the  lights  and 
signals  along  the  shore,  are  all  without  reforeace  to  these  places  of 
rttkge. 

Adverting  to  Ihe  geological  and  zoological  character  of  the  genera} 
reef,  the  Professor  renMvked  that  it  was  important  to  ascertain  whether, 
as  reported  by  some,  the  reef  co&aisted  of  dead  conds  only ;  or,  as 
others  maintained,  was  composed  of  living  ccnrals,  still  growmg  sad 
extending ;  or  whether,  as  it  had  been  asserted  by  others,  it  eonssted 
only  of  oolitic  rocks,  containing  no  indurations  of  corals  whatever. 

All  these  argameBts  are  fovnd  to  be  consistent,  with  the  qualifiestioft 
that  ihe  three  classes  occupy  different  localities.  On  the  outer  ree^ 
from  Cape  Florida,  to  Key  West,  in  from  ten  to  twelve  fathoms  up  to 
the  snzfMe  of  the  water,  living  corals  are  found ,  greatly  differing, 
however,  in  constitntioiD— *the  Madrepores  (Mairepora  pahnaia)  espe- 
cially, rising  to  the  very  surface,  while  the  commonly  so  called  Bram 
eoral  ( JfiuPMfrMa)  occurs  in  lower,  and  the  Astrcn  in  stHl  lower  levek. 
Specimens  ol  the  d^erent  species  were  e^diilMted.  The  Madnpar^ 
palnuOa  forms  extensive  fields  of  powerful  stems,  faranelung  and  ez- 
pan£ng  near  the  surface  into  large  flats,  resting  upon  strong  bases,  and 
presenting  the  appearance  of  large  leaves  spread  out.  The  Professor 
chantteriaed  these  fields  as  a  wonderfal  spectacle.  This  extennve 
growth  does  not  occur,  however,  further  than  one  or  two  fathoms  be* 
low  the  surfoce.    Lower  down  a  number  of  other  species  are  foimd. 

When  a  growing  reef  has  thus  attained  its  maximum  faig^t»  or 
reached  the  level  of  low  water,  a  new  process  begins,  oonsiirting  chiefly 
in  the  accumulation  of  loose  materia  upon  its  summit.  Large  coral 
bowlders  ore  thrown  i^,  and  gradually  ground  into  fragm^its^  coral 
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gravel  and  sand,  and  finally  deposited  in  more  or  less  regular  beds, 
presenting  all  the  complications  of  torrential  stratification,  which  are 
finally  cemented,  by  the  infiltration  of  amorphous  limestone,  into  com* 
pact  coral  rock.  When  the  materials  are  combined  in  a  coarse  state  of 
decomposition,  they  form  a  kind  of  *coral  breccia  ;  but  when  cemented 
after  they  have  been  reduced  to  small  globular  fragments,  they  constitute 
a  sort  of  oolite,  and  even  compact  limestone,  when  the  deposit  is 
formed  by  precipitation.  Thin  layers  of  such  compact  limestone  occur 
frequently  as  dividing  seams  in  the  larger  masses  of  oolite ;  and  there 
is  every  where  such  a  layer  of  compact  limestone  upon  the  surface  of 
all  coral  rocks  rising  above  the  level  of  the  sea ;  a  circumstance  which 
seems  to  indicate  that  such  layers  are  not  formed  under  a  permanent 
riieet  of  water,  but  must  be  the  result  of  action  of  gales,  and  the 
spray.  This  is  the  more  probable  since  this  superficial  crust  is  no 
where  horizontal,  but  fc^ows  all  the  irregularities  of  the  soil. 

If  it  were  asked  how  corals  which,  during  their  growth,  have  with- 
stood so  effectually  the  violence  of  the  sea,  become  such  an  easy  prey 
of  the  waves  after  the  reef  has  reached  the  surface  of  the  water,  it 
would  require  only  to  point  at  the  innumerable  boring  shells  and  worms 
which  establish  themselves  in  the  dying  part  of  their  stems,  and  at 
the  brittleness  arising  from  these  perforations,  to  satisfy  every  careful 
observer  that  the  peculiar  mode  of  life  of  these  boring  animals,  is  a 
provision  of  nature  subservient  of  the  secondary  purpose  of  the  corals, 
to  furnish  materials  for  the  increase  of  the  solid  parts  of  our  globe. 

Along  the  outer  reef  of  Florida,  and  in  the  main  range  of  Keys, 
many  islands  might  be  selected  and  described,  in  such  an  order  as  to 
form  a  natural  series  from  a  living  reef,  without  a  dead  fragment  upon 
its  edge,  to  an  extensive  island,  apparently  formed  entirely  of  coral 
rock  or  of  oolite,  or  even  of  compact  limestone  ;  but,  in  reality,  pre- 
senting only  a  cap  of  such  dead  materials,  overlying  a  true  reef,  once 
living,  and  now  buried  under  its  own  fragments. 

The  circumstance  that  ihe  main  keys,  and  the  shore  bluffs,  which 
have  been  formed  successively,  rise  to  the  same  hight  above  the  level 
of  the  ocean,  is  an  unquestionable  evidence  that  the  ground  over  Which 
the  general  reef  of  Florida  extends,  has  undergone  no  change  of  level, 
that  it  has  neither  been  raised  nor  subsided.  This  evidence  may  be 
carried  further,  by  comparing  also  the  Everglades,  with  their  inter- 
vening ridges  and  hammocks,  which  are,  in  reality,  inland  keys  and 
islands,  similar  to  the  main  keys  and  Mangrove  blands,  formed  in  the 
same  manner  as  those  now  surrounded  by  the  sea,  and  which,  by  tbe 
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vniformity  of  their  leyel,  furnish  additional  evidenoe  that  the  whole 
region  has  been  stationaij  erer  since  oorals  began  to  grow  in  thoee 
latitudes. 

At  10  o'clock,  P.  M.,  the  Convention  adjotuned. 


T'OUBTH  DAY:   THURSDAY,  MAY  8,  1861. 

The  Association  met  at  9,  A.  M.,  in  special  session,  to  hear  the  fol- 
lowing pa{>er: 

t.  Rem ABKs  ON  tbx  Ssxss  ani>  Habits  of  somi*  of  thb  Acephalottb 
BiYALYS  MoLLiTSOA.     By  Jarbd  p.  Eibtland,  M.  D. 

Thx  flnviatile  Bivalves  of  North  America  are  principally  included 
in  the  genera  Unio,  Anodonta,  and  Alasmodonta,  and  are  appropri- 
ately arranged  in  the  Lamarckian  family  of  Naiades. 

In  the  watens  of  the  State  of  Ohio  are  found  sixty-four  or  sixty-five 
species ;  perhaps,  a  larger  number. 

Ouvier  placed  them  among  the  Acephalous  Bivalve  MoUusca. 

Most  naturalists  and  anatomists  have  considered  them  as  hermaphro^ 
dites ;  though  that  some  discrepancy  of  opinion  has  been  entertained 
on  that  point,  may  be  seen,  by  referring  to  Mr.  Say's  article  **  Ano* 
donta,"  contained  in  the  second  number  of  his  American  Conchology. 

Familiarity  with  their  habits,  and  a  series  of  dissections,  conducted 
without  the  aid  of  books,  guides,  and  the  necessary  instruments, — ^and 
periiaps  not  in  the  most  scientific  manner, — convinced  me,  that  the 
eommonly  received  opinion  was  incotrect.  In  the  twenty-sixth  volume 
of  the  American  Journal  of  Science  and  Arts,  I  stated,  that  ^'the  sexes 
are  distinct,  and  that  each  sex  possesses  a  peculiar  organization  of 
body,  associated  with  a  corresponding  form  of  shell,  sufficiently  well 
marked  to  distinguish  it  from  the  other."  A  diagram,  illustrating  the 
several  difierences  of  form  in  the  shells  of  five  species,  was  also  pub- 
Ibhed. 

This  conclusion  was  founded  upon  the  facts,  that  very  many  species 
present,  in  their  shells,  two  varieties  of  forms,  in  about  equal  numbers, 
and  that,  with  one  form,  is  associated  animals  with  oviducts,  which,  at 
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oertam  seaaons,  teem  with  joimg,  irliile  the  inhabitaxis  of  the  other 
fiorm  remam  pemaaenUy  baixtta.  finfaeeqiieHt  inyeetigatioiis  havo 
shown,  that  it  is  applicable  to  about  two-thirds  of  the  American  qpeeaee. 
In  a  few  others,  no  difference  in  form  is  discemable  between  the  shells 
of  the  prolific  and  barren  yarietaes. 

The  animals  of  oae  species, — the  U.  plicaius  of  Say,  are  always 
barren,  so  far  as  I  have  observed. 

Opportunities  for  examining  a  few  rare  species  have  not  been 
afforded. 

Without  positive  demonstration,  by  dissections,  of  the  existence  of 
the  sexes  in  different  individuals,  that  view  may  be  controverted ;  yet 
it  seems  to  have  gained  credence  ittnong  our  wester^  ddlecton  and 
naturalists  most  familiar  with  their  habits. 

It  has  recently  been  stated,  in  the  Iconographic  Encyclopedia,  under 
the  bead  of  Zoology,. page  70,  that  ''Lamajrok  cosiaidered  these  mol- 
lusca  as  hennaphrodite ;  and  the  dissections  of  ocinpetemt  anatomists, 
such  as  Neuwyler  and  Van  Beneden,  confirm  this  view." 

In  the  same  article,  an  attempt  is  made  to  explain  the  eavae  of  the 
occurrence  of  two  varieties  of  form  in  the  shells^  in  the  following  man- 
ner :  "If  some  individuals  remain  barren,  trough  a  course  of  yean, 
it  is  possible  that  the  weight  of  the  gravid  branchhe  may  cause  the  soft 
parts  to  descend,  and  bring  with  them  the  sheU-se<^eting  mantle,  whiek 
may  account  for  the  enlargement,  without  recourse  to  the  theory  of 
separate  sexes,  which  are  not  found  in  the  allied  families." 

The  writer,  however,  admits  that  this  will  not  account  for  ik^  second 
form  of  the  U»  pelvm,  or  flexuotu^  and  the  extraordinary  traasrerse 
diameter  of  the  (71  sQiguiddeuM. 

Let  us  test  the  correctness  of  this  mechanical  hypothesis,  in  its 
application  to  some  other  species. 

Before  you,  is  exhibited  the  shell  and  animal  d  the  U.  imUrieo$u9* 
Its  branchiso  c<mtain  no  young,  and  their  want  of  development  shows 
that  they  have  never  been  prc^ific.  Y^  the  form  of  tbe  shell  is  that  fai 
which  the  prolific  animals  of  this  species  always  exist ;  and  it  may  bo 
seen  that  the  form  has  been  gradudQy  shaping  itself,  for  the  last  three 
years,  to  that  which  I  consider  the  female.  She  was  yet  too  yoyung  to 
become  prolific.  Some  other  cause  lor  the  rotundity  and  fidlnees  of  the 
posterior  margin  must,  therefore,  be  assigned  than  the  wei^t  of  the 
ffravid  branckim. 

The  female  of  the  U,  Itpiadm  (the  Vdum  of  Say)  ie  oharacteriaed 
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by  a  broAd»  membranoiis  expaamxm,  vMck  btg^s  to  ibrmaeyeral  yeais 
before  the  wrimn]  is  piodaetive. 

HeM  ve  the  femsHk  forms  <if  tbe  {7i  terwt  «od  tt<^rolMief<^  .* — Aa 
Clique  sidcatien  below  the  evperior-pestcirior  mngle,  dktinifUBhes  them 
from  tbe  nudes.  TMs  suleation  ooidd  iMt  foe  produoed  by  tbe  mechami- 
cal  drawing  down  of  the  mantel.  A  similar  smkatioa  eznta  in  males 
€ii  the  U.  sukaius  and  per9onat9t9,  but  aot  in  the  fomalea,  while  the 
latter,  as  well  as  the  W.  triam^viarif,  are  remailLable  for  the  tumidity  ef 
tbeir  postenor  and  inferior  angles,  the  margins  of  whi<^  are  armed 
with  an  annual  growth  of  teeUi,  or  serrations,  characters  which  axe 
afaeent  in  the  nudes,  and  the  growth  of  which  is  not  explained  by  ^at 
hypotheos. 

The  fomales  fd  tbe  U.  ^daUa  and  turrueosm  q£  Baf.  and  Jnoienla 
fictm  are  move  tnmid,  slHffter,  and  less  transverse,  than  the  malea. 
flow  can  the  grarid  branoUss  contract  and  shorten  in  seme  speoies^ 
and  deerelop  in  otiiers  ? 

Again,  the  AlaamodmUa  edetUuia  affords  abont  an  equal  nnmber  of 
banen  and  piotific  specimens,  yet  no  diffBrenee  in  tbe  fotm  <^  the  shell 
is  diseoFerabie.  Why  does  not  tibia  meobankal  cause  operate  in  this 
qiedes? 

We  migbt  as  wall  attempt  io  explain  ^e  expansion,  at  tbe  age  of 
fubeity,  of  tbe  oDseona  frame  of  tbe  female  pehis,  in  tbe  boman 
subject,  by  this  mechanical  theory.  It  is  not  tenable.  We  will,  tbere* 
iofe,  retuns  to  tbe  mam  point  of  our  subjeet^Are  these  mollusoa  her- 

Competent  anatomists,  audi  as  Nemwyler  and  Yan-Beneden,  we  are 
infenned,  bare  decided  this  queation  in  tbe  affirmativie. 

Tbe  means  of  knowing  ^le. precise  naitue  and  extent  of  the  discofo* 
ries  they  have  made,  have  not  come  within  my  reach.  A  principal 
object  in  bringing  tbe  subject  before  this  Association,  is,  to  obtain 
infonnation  iipon  tbis  point  from  aaembem  who  are  present,  and  ane 
nompetent  to  lender  it 

If  minute  (Msseetions,  aided  by  the  mierooeqie,  have  diaeovered  and 
demonstrated  tbe  existence  of  both  male  and  Cmale  organs  in  tbe  same 
individuals,  of  course,  I  must  abandon  the  position  I  have  taioen,  but 
if  tbeir  bermaphrodite  stractore  be  a  men  matter  of  inference,  as  I 
anspeety  drawn  from  tbe  foalure  to  diseorer  any  anatomical  difierenes 
between  the  prolific  and  barren  mdividnals,  thw  tbe  probabifities  aw 
in  faror  of  thebr  being  dkecious. 

In  tbe  absence  of  any  partfoular  inforknaticm  in  regard  to  tbe  diseo- 
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reries  anatomists  have  made  in  reference  to  it,  I  vill  observe, that  the 
nollusca  present  examples  of  all  modes  of  generation ;  some  are  herma- 
phrodite, others  are  dioecious.  Sereral  possess  the  faculty  of  self- 
mpregnation ;  others,  though  hennaphrodite,  require  a  reciprocal  cm- 
^us :  and  the  mode  of  fecundating,  in  those  in  which  the  sexes  are 
listinct,  is  not,  in  all  instances,  understood. 

The  sexes  of  the  Cephalopoda  are  distinct,  the  male  and  femal# 
>rgan   being  found  in  di£ferent  individuals. 

The  Pteropoda  are  all  hermaphrodite,  and  their  sexual  organs  are 
iiscorerable. 

In  some  of  the  Gasteropoda  the  sexes  are  separate,  in  others 
inited. 

Though  the  4th  class  of  Cuvier's  moUusca — the  Acephala — have 
^nerally  been  considered  as  hermaphrodite,  analogies  are  equally  in 
favor  of  their  being  dioecious;  or  like  the  3d  class,  perhaps  some 
species  may  be  hermaphrodite,  while  in  others  the  sexes  may  be 
separate. 

If  the  affirmative  of  this  question  be  established,  some  other  cause 
[or  the  occurrence  of  the  two  forms  of  shells  must  be  sought.  It 
nrould,  however,  be  an  anomaly  in  nature,  if  one  half  of  the  indi- 
iriduals  should  prove  barren  and  of  no  use  whatever,  in  a  family 
prhere  she  has  provided  so  carefully  for  the  increase  and  perpetuity  of 
the  species. 

So  prolific  indeed  are  fertile  individuals,  that  they  annually  prodme 
\heir  young  in  numbers  almost  too  great  to  admit  of  enumeration. 
^.  Lea  cidculated  the  oviducts  of  .an  AnodorUa  undtdaia,  to  contain 
300,000  young  shells.  This,  it  will  be  recollected,  is  a  small  species, 
Euid  does  not  produce  a  tithe  of  the  young  contained  in  a  prolific 
Anod&fUa  plana. 

The  barren  members  of  a  colony  of  honey  bees,  (the  ApU  mell^ica,) 
might,  at  first  view,  seem  to  afford  an  analogy,  but  they  subserve  an 
useful  purpose.  On  the  products  of  their  labor,  are  sustained  all  the 
DoiemberB  of  their  community.  If  the  barren  mollusca  do  not  fulfil 
the  purposes  of  the  male,  it  is  difficult  to  discover  of  what  use  they 
EU'e  in  creation. 

It  may  be  proper  to  state  a  fact  in  regard  to  habits  of  the  U.  gib- 
bo8U9  of  Raf.,  and  its  allied  species,  the  Umo  ranffianus  of  Lea,  which 
nay  have  some  connection  with  the  subject  before  us.  During  the 
months  of  April  or  May,  according  to  the  state  of  water  in  the 
streams,  and  warmth  of  the  weather,  ihe  females  may  be  seen  lying 
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upon  their  beaks  on.  grarelij  ripples,  with  their  heads  directed  up 
stream,  and  the  yalres  of  their  shells  expanded  to  their  utmost  capa- 
city. At  thij9  time  they  are  heavy  with  their  young.  The  pure  white- 
ness of  their  bodies  and  appendages  renders  them  conspicuous  objects, 
seen  through  the  limpid  water;  and  their  position  and  appearance 
would  lead  to  the  conclusion  that  ihey  were  dead,  and  the  ralTes  were 
expanding  as  their  transverse  muscles  were  relaxed.  An  attempt  at 
taking  a  specimen  into  the  hand,  wiU  at  once  show  that  it  still  abounds 
in  vitality. 

The  object  of  assuming  this  position  at  this  particular  period  of  the 
year,  I  could  never  discover,  but  suspect  it  to  have  some  connection 
with  the  process  of  fecundation.  In  the  immediate  vicinity  are  always 
found  more  or  less  males,  but  as  their  shells  remain  closed,  they  are 
not  so  readily  recognised. 

The  female,  17.  veniricaatts  and  faaciolus,  may  sometimes  be  seen 
throwing  out  of  their  she}ls  the  prolongations  of  iheir  mantles,  and 
playing  them  about  the  water,  during  clear  and  warm  days  in 
autumn.  At  the  same  time,  male  individuals  may  always  b^  found 
very  contiguous,  and  it  has  often  been  observed  by  ooUectors,  that  at 
tius  season,  these  species  seem  to  be  associated;  in  pairs.  This  portion 
of  their  anatomical  structure  is  beautifully  iUustrated  by  Mr.  Lea,  in 
the  Trans,  of  the  Amer.  PhUos.  Soc,  vol.  6,  Plate  XY. 

In  one  instance  I  saw  a  female  of  the  {7.  cario8us,  throwing  out 
these  processes  in  the  Juniata  river.  The  object  of  this  movement 
we  can  only  infer. 

On  several  occasions  I  have  seen  the  females  of  various  species  of 
these  molluscs,  discharging  their  young  progeny.  At  that  period  of 
existence  they  are  perfectly  formed  shells,  as  may  be  discovered  by 
the  naked  eye,  if  they  are  placed  in  the  sun  for  an  hour ;  or  by  the 
aid  of  a  microscope  when  first  obtained. 

They  are  agglutinated  tc^ether  with  a  secretion,  probably  of  mucus 
and  albumen ;  and  the  mass  conforms  to  the  shape  and  size  of  the 
branchial  cell*  The  contents  of  one  cell  are  thrown  o£f  at  a  time,  by  a 
jet  of  water,  issuing  rapidly  through  a  syphon  or  contracted  aperture, 
formed  by  the  posterior  matgms  of  iiie  mantle. 

The  mass,  on  being  evacuated  falls  upon  the  bottom  of  the  stream, 
and  soon  begins  to  crumble  in  pieces  by  the  action  of  the  water  and 
eoUision  of  the  sand,  till  at  length  each  minute  individual  becomes 
free  and  is  left  to  take  charge  of  itself.  It  then  begins  to  ex^t  voli* 
tknis  for  its  own  safety  and  provision.    Many,  if  not  all,  of  the  species, 
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18  coi)dition«  spin  from  their  bodies  near  the  foot,  a  filament  i 
r  »lk»  by  which  they  attach  themselyes  to  adjacent  objects  which 
ixed  and  solid,  such  as  shells,  sticks  and  stones.  I  have  frequently 
them  anchored  to  their  mothers.  This  filament  is  deciduous,  and 
ppears  as  they  advance  in  age  and  size.  A  more  full  account, 
illustrations  of  this  curious  provision,  may  be  seen  in  the  Amer. 
.  of  Science  and  Art,  vol.  xxzviL 

eming  says,  ^^they  want  a  bytsusJ*  This  filament  is  certainly 
near  akin  to  that  appendage  of  the  Mytilidce. 
has  been  alleged  that  geologists  are  sometimes  compeUed  to  draw 
ble  on  their*  imaginations,  in  order  to  supply  time  for  the  acconi' 
iment  of  all  the  revolutions,  that  seem  to  have  taken  place  in  the 
;ture  of  Uie  earth.  Within  the  memory  of  individuals  now  living, 
recent  vegetable  and  animal  kingdoms  of  Ohio,  have  undergone 
iges  almost  sufficient  to  mark  a  geological  period.  Numerous 
ies,  once  abundant,  are  now  very  rare,  or  have  become  extinoL 
\r  species  have  in  some  instances  supplied  their  places.  No  cImb 
suffered  more  extensive  and  fiatal  changes  than  our  moUusca. 
>rty-one  years  since,  When  I  was  first  acquainted  with  this  State, 
y  permanent  pond,  lake  and  river,  abounded  with  fluviatile  btvalvoa. 
\,  at  that  day,  probably  contained  a  greater  number  of  apeciea, 
could  be  found  in  the  whole  world.  North  America  excepted, 
ith  the  clearing  and  cidtivation  of  our  lands,  many  disappeared ; 
iepredations  of  swine  during  low  stages  of  water,  have  destroyed 
ense  numbers ;  the  wash  of  cities,  manufactories,  and  bam  yanby 
still  more  £atal  to  them  ;  and  in  several  instances,  epidemics  have 
pated  immense  numbers. 

Bber  the  construction  of  our  canals,  many  of  the  rarer  species  np* 
increased  for  a  few  years,  and  our  concholo^ts  flattered  theM* 
is  that  these  thoroughfares  would  preserve  their  favorites ;  but 
rience  has  shown  that  the  accumulation  of  filth  in  the  canals,  is 
to  most  of  the  species.  A  few,  especially  Anodontas  and  Alaa* 
[mtaa  continue  to  thrive  and  increase,  while  the  fin^  species  of 
mes  have  perished. 

irx  jes^B  since,  the  Dmo  iruneaius  of  Hal  and  carmdus  of  BnruM, 
common  in  the  canal  near  Cleveland.     At  this  time  a  living 
imen  can  hardly  be  found. 

iiring  the  present  season  we  have  seen  workmen  excavating  por* 

of  mud,  that  contain  great  numbers  of  dead  shells  of  these  sad 

r  scarce  species.    Perhaps  in  another  age,  sinular  operations  miKf 
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•zpose  to  Tiew  anilar  remams,  which  nifty  piuscle  ihe  geologist  to 
tell  at  wkai  period  tkej  ejdsted. 

At  10  o'dook,  tbe  ge&eral  bosinen  of  iSke  Assootatioii  oonmenoedi 
aad  iht  Muautes  of  the  meeting  of  the  Standing  Committee  were  read. 

The  ibliowmg  eoamnmicat^  from  Professor  E.  Euuass,  to  the 
Local  Seeretaty,  was  presented  to  the  Association. 

Alb<mi^,  AprU  S,  1861. 

Sm :  Allow  me  to  express  my  regret  that  I  am  un^le  to  partidpate 
in  the  doings  of  the  meting  at  yoor  place,  during  its  session.  My 
eaiga^eme&ts  at  William's  College  are  such  as  to  detain  me ;  I  am 
thereby  deprired  of  Ihe  pleasure  of  meeting  my  associates  in  science^ 
which  I  regard  not  oidy  as  a  i^easure,  bnt  a  privilege  of  the  highest 
order.  I  will  arail  myBeif  of  this  opportunity,  howerer,  to  lay  before 
the  B|^in>priate  section  a  very  few  eomnaK>n-place  remarks,  respecting 
a  class  of  inquiries  which  have  forced  th^nsekes  upon  my  attention^ 
in  consequence  of  my  connection  with  the  Agricultural  Survey  in  the 
Stele  of  New  York.  It  is  m  regard  to  that  dass  of  bodies  which 
ara  tennod  aliments.  The  popular  doctrine  of  the  day  is,  that  these 
bodies  sustain  oar  nourish  the  animal  system,  in  a  ratio  proportionate  to 
the  amount  of  nitrogen  they  contain ;  and  that  their  value  as  nutrients 
aaj  be  expressed  by  nnmberst  This  view  of  the  subject,  however,  I 
havB  never  been  able  to  understand,  and  have  never  adopted  it ;  for  it 
appears  to  me  that  there  are  other  bodies  in  combhiation  in  all  these 
nuthents^  which  are  equally  important  with  nitrogen,  and  which  min* 
iaier  also  to  the  support  of  the  animal  system.  I  shall  not  attempt  to 
siate  in  detul  the  objecti<ms  to  the  doctrine  that  the  value  of  nutrients 
ia  detennined  by  the  amount  of  nitrogen  which  they  contain.  I  am 
satisfied  with  saying  now,  that  the  inorganic  bodies,  the  salts  of  lime^ 
(particularly  the  phosphates  of  that,  as  well  as  the  other  combinations 
otf  {diospboric  add,)  must  be  of  equal  value  with  the  nitrogenous  com- 
pounds. In  the  aiuilysis  of  many  vegetable  bodies,  including  the 
aryi^ogami,  these  inorganic  bodies  are  invariably  present  They  are 
iiiq>ortast,  then,  in  the  lowest  as  well  as  the  behest  forms  of  vege- 
table life»  and  mol;e  abundant  in  the  class  of  nutrients,  than  in  those 
whbh  are  not  reckoned  as  such. 

But  there  is  stiU  another  daas  of  bodies,  which  are  ndther  poisons 
nor  ^iments — lindeed,  seem  to  be  fiir  removed  from  both  of  these 
classes  of  bodies,  and  yet  their  influence  upon  the  system  is  salutary, 
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Y  if  taken  with  the  proper  nutrients.  In  combination  with  the 
I  or  aliments,  the  amount  of  the  latter  need  not  be  so  large,  in 
)  perform  a  specific  amount  of  work.  These  bodies  may 
the  milder  class  of  astringents,  or  I  may  say  more  correctly, 
y  are  allied  to  them.  In  recoTeries  from  sickness,  when  the 
3  reduced,  those  mild  medicines  which  are  denominated  tonics, 
the  body  more  than  can  be  accounted  for  by  the  oom- 
potheses  which  have  been  invented  to  explain  their  effects. 

one  of  the  most  common  bodies  in  use,  will  illustrate 
irfectly  my  views.  Tea,  for  example,  is  often  used  in  large 
is.  Individuals  who  become  accustomed  to  this  beverage, 
aparatively  little  food,  and  yet  perform  as  large  an  amount 

as  if  they  had  taken  a  fiill  ration  of  nutrient  proper.  Opium- 
onsume  but  little  food.  Inebriates  take  but  little  food  for 
and  sometimes  perform  considerable  work.  Now,  in  order 
L  data  upon  which  it  will  be  safe  to  found  correct  views  of  the 

food  and  beverages,  as  well  as  some  of  the  milder  forms  of 
^8  called  tonics,  it  will  be  necessary  to  coUect  a  larger  stock  of 
id  institute  many  additional  experiments.  Those  inquiries 
be  made  which  have  reference  to  the  eremaccntsis  which  the 
mffers  under  exercise  and  work,  whether  mental  or  physical — 
ct  influence,  too,  of  the  bodies  which  are  caUed  aliments  or 
3,  in  repairing  the  waste  of  the  system ;  or,  whether  it  is  abso- 
ue  that  the  system  undergoes  eremecausis  necessarily  in  labor, 
)r  physical.  So  inquiries  may  be  directed  to  a  supposed  class 
s,  which  do  not  furnish  nutrient  matter,  and  yet  do  something 
ice.     Do  they  prevent  waste,  or,  in  other  words,  save  it  from 

If  so,  may  they  be  denominated  sater^t,  a  word  coined  from 
!ek,  savior.  Probably  there  are  many  persons  who  would 
0  the  word  saviort,  when  applied  to  tea^  coffeB^  pcrt^,  <pirito, 
itc.,  still  science  must  make  her  inquiries  without  prejudice, 
here  is  a  class  of  bodies  which  save  the  system  from  waste, 
y  well  be  denominated,  for  aught  I  see,  saviart.  We  have, 
doubt,  calorifics,  purely  so ;  and  it  is  a  class  of  bodies  esaen- 
le  system,  though  by  no  means  nutrients,  in  any  sense  of  the 
We  often  see  the  system  waste  rapidly  in  diabeHs,  and  obser- 
iipplies  us  with  strong  facts,  which  go  to  show  that  the  system 
ned  with  a  smaU  amount  only  of  the  nutrients,  and  is  capable 
rming  a  larger  amount  of  work,  when  aided  in  some  way  or 
r  certain,  beverages.  Tours,  £.  Emmovb. 
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In  Tiew  of  the  importance  of  closing  the  meeting  of  the  Association 
on  Friday,  it  was  determined  that  no  additional  titles  of  papers  for 
presentation,  be  registered. 

A  communication  was  presented  from  the  Rev.  Robert  Morris,  of 
Jackson,  Mississippi,  mentioning  the  fact  that  the  Legislature  of 
that  State  had  passed  an  act,  with  reference  to  a  Geological  and  Agri- 
enltnral  Survey  bf  Mississippi.  The  act  appropriates  $3000  per 
annum,  for  an  indefinite  period  of  time,  to  support  a  geological  pro- 
fessor and  assistant  at  the  State  University,  located  at  Oxford.  One 
half  of  the  sum  above  mentioned  is  to  be  drawn  from  the  State  Trea- 
sury, the  remainder  from  the  ample  University  fund.  It  is  also 
required  that  at  least  one  half  of  the  sum  specified,  shall  be  expended 
in  a  Geological  and  Agricultural  Survey  of  the  State,  giving  to  each 
county  its  due  share  of  attention. 

The  foUowing  papers  were  then  presented  : 

2.  Report  or  ths  Committeb  Appointed  to  memorialize  the  Legisla- 
ture OF  Pennsylvania,  in  Reversnob  to  thb  Pdblioation  or  the 
Final  Geological  Report  or  that  State.  By  Solomon  W.  Rob- 
erts, Civil  Engineer. 

Ths  Committee,  appointed  to  ''memorialize  the  Legislature  of 
Pennsylvania,  in  reference  to  the  publication  of  the  Final  Geological 
Report  of  that  State,"  respectfully 

Report,  That  the  important  object  contemplated  in  their  appoint- 
ment has  been  so  far  accomplished,  that  an  act  was  passed  by  the 
Legislature  of  Pennsylvania  at  its  late  session,  and  approved  by  the 
Governor,  authorizing  the  publication  of  the  Final  Geological  Report, 
in  a  Btyle  worthy  of  the  scientific  importance  of  the  subject,  and  the 
geological  wealth  of  Pennsylvania. 

It  contemplates  an  expenditure  of  thirty-two  thousand  dollars  for 
the  purpose,  and  the  work  is  to  be  done  under  the  superintendence  of 
Professor  Henry  D.  Rogers,  the  able  geologist  by  whom  the  survey 
was  made. 

The  passage  of  the  act  is  in  a  great  measure  4ue  to  the  efforts  of 
Thos.  J.  Bigham,  Esqr.,  of  Pittsburgh,  the  member  of  the  Legisla- 
ture having  charge  of  the  bill.  The  Chairman  of  the  Committee 
appointed  by  the  American  Association,  having  gene  to  Europe,  the 
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signed  Reporter,  whose  name  stood  second  on  the  list- of  the 
iittee,  eommnnicated  to  Mr.  Bigham,  during  the  session  of  tke 
lature,  the  views  and  wishes  of  the  A^sociaticHi,  in  reference  to 
)ject  which  has  thus  been  accomplished, 
lespectfully  submitted  on  behalf  of  the  CommiUtee, 

Solomon  W.  Bobsbtb. 

motion,  the  report  was  receiyed,  and  the  Committee  discharged. 
>f.  Hall  expressed  his  gratification  at  the  success  of  the  appH- 

to  the  State  of  Pennsylvania,  and  offered  a  resoluticm  witk 
nee  to  the  appointment  of  a  committee,  to  memorialise  the 
lature  of  Ohio,  for  a  similar  purpose. 

H.  Kmo  requested  Prof.  Hall  to  amend  his  resolution,  so  as  to 
the  matter  to  the  Standing  Committee,  with  a  view  of  including 
:ates  of  Missouri  and  Arkansas. 

>f  ScHJEFFBR  made  a  similar  appeal  in  reference  to  Kentucky, 
jrave  an  illustration,  showing  the  importance  of  «a  aceprate 
ledge  of  the  geology  of  the  States. 

er  additional  remarks  by  Prol  Hall  and  others,  the  subject  was 
ed  to  the  Standing  Commmittee. 

TBS  ON   THE  SuRVBT  OF  THE   BOUNDARY  LiNB  BBTWBKIf  MbZIOO  AlfO 

i  United  States.    By  Maj.  Wm,  H.  Ehort,  late  Astronomer  to 
Commismon,  and  acting  Commissioner. 

B  object  of  this  paper  is  to  submit  to  tlie  Association  a  brief  out- 
f  the  plan  proposed  for  prosecuting  the  Survey  of  the  Boundary 
ion  the  United  States  and  Mexico,  and  to  give  a  sketek  of  the 
s  of  the  operations  while  the  work  was  under  my  direction, 
erations  involving  scientific  attainments,  carried  on  by  govem- 
I,  do  not  always  express  the  condition  of  scientific  knowledge  and 
»f  the  country,  yet  the  results  are  considered  abroad,  and  in  fttture 
ations,  as  ^dr  exponents  of  the  state  of  science  whick  existed  at 
tne  in  the  nation. 

this  view,  works  of  a  national  diaraeter  mmy  be  presmDed  to  ibm 
;ts  of  such  interest  to  the  American  Association,  as  to  enfpigt  ita 
ta  consideration. 

8  not  to  be  doubted,  that  when  the  strength  of  the  bmh  of  science 
s  oountry,  is  combined  and  brought  to  bear  ask  thb  subject,  the 
leous  inflsenees  which  oceasicmally  embarrass  poblie  usdlertak^ 
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liigs»  and  dirert  them  from  theor  kgitbuate  objects,  will  be  dinrinisked, 
if-  not  renoTod  altogether. 

It  k  no  part  of  my  design  to  display,  at  this  time,  the  movement 
which  impelled  me  to  demand  my  recall  from  the  vork,  in  the  latter 
part  of  the  year  184d ;  but  the  occasion  is  taken  to  discharge  the  more 
agreeable  office  of  6.(euking  that  the  present  able  and  enlightened  head 
of  the  Department  of  the  Interior,  the  Hon.  A.  H.  H.  Stuart,  under 
whose  charge  the  work  is,  has  evinced  on  all  occasions,  the  determina- 
tion to  place  the  work,  in  all  its  Tarious  branches,  upcm  the  most 
substantial  and  aeientific  baais,  and  has  so  far  unproved  my  plans  and 
results,  as  to  requert  my  recall  to  the  charge  of  the  Surrey,  in  October*. 
1850. 

The  boundary,  as  is  well  known,  extends  aeross  the  continent,  from 
the  mouHh  of  the  Del  Norte  to  the  Pacific — ^from  ocean  to  ocean — tra- 
Tersing  a  country  much  of  it  unexplored,  and  abounding  in  objects  of 
Interest. 

The  instructtons  given  me,  while  in  charge  of  the  Commisssion, 
contemplated  the  work  to  be  pushed  from  the  mouth  of  the  Gila,  east- 
ward.  Believing  such  a  course  would  end  in  jBEuiure,  if  not  in  disaster, 
I  comraronicated  my  reasons  for  so  thinking,  and  rec<»tmended  a  con- 
trary eounse,  which  was  in  the  end  adopted  by  the  Government.  My 
views  on  this  subject  contain  observations  on  the  physical  character  of 
the  country,  but  as  they  have  already  been  pnh&hed  by  CoBgress,  are 
not  repeated  here. 

Although,  in  the  progress  of  the  Survey,,  many  suggestions  and 
modifications  of  the  |daa  wotidd  have  occurred,  yet,  as  the  matter  has 
been  much  discussed,  and  was  in  conflict  with  the  notes  furnished  for 
my  gnidanee  by  the  then  Secretary  of  the  Interior,  it  is  deemed  proper 
to  give  it  as  embodied  in  the  dispatches  to  the  Department,  penned 
in  ^e  field. 

I  quote  from  my  dispatch,  dated  June  30di,  1850. 

"  The  Survey,  which  is  v»t  in  extent,  must  be  based  upon  and 
bound  together  by  astronomical  determinations;  and  therefore  the 
leading  sidijeet  of  attention  cmaes  under  the  head  of 

Astronomy. 

The  {dan  reiterated  by  me  in  a  lettev  to  the  late  Oommiasioner, 
dated  Panama,  May  7&,  1849,  iathi^  which  I  atill  consider  heel ;  and 


Digitized  by 


Google 


96  PBOCBKDINOB   OF   THX   AMXSIOAK   ABBOOIATIOV 

under  the  circumstances,  the  only  practicable  one.     It  receiyed  the  full 
approbation  of  the  illustrious  late  Secretary  of  State,  James  Buchanan, 

The  whole  extent  of  the  boundary  between  the  United  States  and 
Mexico,  to  be  marked  and  delineated  on  paper,  is  some  three  or  four 
thousand  miles.  The  most  rigid  mode  of  operating  would  be  to  cover 
the  whole  ground  by  triangulation ;  but  the  expense  and  the  time 
required  by  this  method,  exclude  it  from  consideration.  The  next 
method  in  order  of  accuracy,  and  that  which  presents  itself  as  the 
only  practicable  one,  is  to  base  the  entire  work  on  astronomical  deter- 
minations of  latitude,  longtitude  and  azimuth.  The  points  for  the  deter- 
mination of  latitude  and  longtitude  necessary  to  be  established  under 
this  system,  may  for  convenience  be  classed  into  primary  and  secondary. 
The  primary  should  be  five  in  number,  and  distributed  at  convenient 
intervals  over  the  whole  hue  ;  and  the  observations  at  them  should  as 
far  as  possible  be  carried  on  simultaneously.  These  points  are,  the 
mouth  of  the  Rio  del  Norte,  El  Paso  del  Norte,  the  point  where  the 
line  strikes  the  affluent  of  the  Gila,  the  mouth  of  the  Gila,  and  the 
initial  point  of  boundary  on  the  Pacific.  At  the  two  extreme  observa- 
tories,  that  near  San  Diego,  and  that  at  the  Boca  del  Norte,  observa- 
tions should  be  carried  on  throughout  the  whole  duration  of  the  work. 
This  would  give  force  and  unity  to  all  our  results,  and  render  us 
independent  of  simultaneous  or  corresponding  observations  in  Europe. 

The  secondary  astronomical  stations  will  be  determined  with  such 
portable  instruments  as  can  be  carried  with  the  Commission,  as  it 
progresses  in  the  work  of  marking  the  boundary,  and  will  be  checked 
by  comparison  with  the  nearest  of  the  five  primary  stations. 

The  most  prominent  portion  of  the  duty  assigned  me,  is  the 
determination  of  the  astronomical  lines.  The  principal  one  of  these 
lines,  immediately  depending  upon  two  of  the  proposed  primary  sta- 
tions, and  resulting  from  the  observations  at  them,  is  the  line  from 
near  San  Diego  to  the  mouth  of  the  Gila  river.  That  to  be  agreed 
upon  as  the  western  boundary  of  New  Mexico,  is  dependent  upon 
contingencies  that  may  not  arise,  and  therefore,  for  the  present  may 
be  left  out  of  view,  in  submitting  a  plan  of  organization. 
It  may  be  propter  to  say,  that  soon  after  receiving  my  first  order, 
dated  December,  1849,  to  report  to  the  Secretary  of  State,  I  sub- 
mitted by  his  direction  a  plan  for  the  organization,  a  copy  of  which  is 
not  with  me.  That  plan  looked  to  operating  entirely  from  the  Atlantic 
side,  except  so  far  as  was  necessary  to  fulfill  the  conditions  of  the 
treaty  by  assembliiig  the  Commission  at  San  Diego,  and  sending  over 
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WBL  a8troiipim<»l  foroe  snffioieBt  to  nm  the  line  b^ween  San  Diego  Bod 
tjbe  month  of  the  Oik. 


«T0P0Q&APHT  AND  DEMARCATION  OF  THE  LiNE  Of  BOUNDAKT  ON 

Face  or  the  EABXHi 

"  Connected  with  and  dependent  on  the  astronomical  work,  ia  the 
topography  and  demarcatioA  of  the  iine  on  the  boe  of  the  earth ;  this 
19  natorally  dirided  into  four  parta,  viz. :  lat.  That  firom  the  iniM 
point  on  the  Padfic,  to  the  junction  of  ib»  Gik  and  Gderado* 
£d.  The  boundary  between  the  point  <rf  departure  fiom  the  Bio  4A 
Korte  to  the  branch  of  the  Gik  designated  in  the  treaty.  3d.  TJim 
iHioich  or  tributary,  and  the  Gila  in  its  whole  course,  from  the  juais>- 
tion  of  this  alBuent  to  its  mouth*  4th.  The  Del  Norte,  from  the  poMlt 
to  be  agreed  upon  as  the  imtial  point  of  the  boundary,  to  be  mou&. 

''  Each  of  these  divisions,  different  in  character,  requires  spacife 
instructions  for  conducting  the  survey,  adapted  to  their  pecutiariliwu 
but  those  wUfach  have  been  already  given,  and  wfakh  I  prc^oae  to  .kk^ 
t^d,  embrace  some  instructions  of  a  general  character,  whi<^  may  be 
briefly  enumerated : 

"  1st  All  determinations  of  the  line  of  actual  bo«nditfy«  and  the 
topography  for  one  mile  on  each  side,  moat  be  baaed  on  ai^tnal 
Eoeasurement. 

"  2d.  As  each  party  will  have  to  work  under  cover  of  an  escort,  thexa 
wiU  be  at  times  many  persons  <tii^)osable  in  camp ;  ihieae  must  be  em- 
ployed in  exploration,  and  sketdies  of  the  adjac^it  comu^. 

^*  Sd.  £adi  of  the  surveying  parties  is  required  to  make  baroaetifc 
levetiags  of  the  section  surveyed,  and  note  the  general  diaraoter  of 
the  country,  in  its  applicability  to  agriculture,  roads  and  navigation. 

*'  4th.  Each  party  is  required  to  keep  a  meteorological  record,  made 
up  from  observations  with  such  instruments  as  are  of  a  portable  kind ; 
constant  comparisons  being  required  with  kindred  instruments  at  the 
fltetionary  camps  or  observatories  proposed,  at  the  begmnisg  and  ter- 
Minalion  of  eac!h  of  I3ie  four  aectioiis  of  the  woric. 

''Tbbbsstbial  Magnetism. 

''It  is  proposed  to  ^stahfidi  at  each  of  the  obaenratories  at  the  ez- 
tDemitf  of  th6  line,  auifffutomakrt,  lor  Ihe  meaaurement  of  the  aboo* 
i«fee  value  of  the  earth's  sMgnetic  force  ai  Aem  two  fointa,  and  to 
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i  relative  measurements  of  the  magnetic  force,  by  the  passage 
)x's  apparatus  over  the  whole  line,  as  has  been  already  done 
'  direction  over  the  first  division. 

'^OlOLOGY,   MiNX&ALOGT  AND  BOTANT. 

1  acting  as  chief  astronomer  of  the  Commission,  I  stepped  out 
ly  to  urge  the  necessity  of  attention  to  these  subjects,  in  con- 
of  the  reputed  mineral  wealth  of  the  country  to  be  traversed, 
;h  botanical  stores.  No  attention  was  paid  to  the  request,  but 
ne  of  my  assistants  was  eminently  qualified  for  this  service, 
k  the  responsibility  to  relieve  him  from  his  duties  as  com- 
i  allow  him  to  devote  his  whole  time  to  the  subject  The 
ion  of  the  work  may  be  considered  as  covered  by  him. 
squent  authority  placing  me  in  temporary  charge  of  the  Oom- 
aiithorized  me  to  assign  these  branches  to  this  gentleman 
y;  but  the  magnitude  and  importance  of  the  subject, 
ae  to  recommend  its  division.  The  geology  and  mineralogy 
lite  sufficient  for  one  person,  and  the  botany  and  ecology  for 

etter  of  instructions  given  by  me  to  Dr.  Parry,  embraces  the 
k)  which  I  have  most  particularly  directed  his  attention ;  in- 
manuscript  copy  of  memoranda,  furnished  by  my  learned 
lent  friend.  Dr.  Engelmann,  of  St.  Louis, 
c  containing  duplicate  specimens  of  all  the  collections  made  on 
division,  has  already  been  forwarded  by  lieutenant  A.  W. 
bo  Dr.  Torrey,  under  whose  able  counsel  and  assistance.  Dr. 
nstructed  to  prepare  and  collate  his  work,  when  his  labors  in 
shall  have  closed. 

"Ethnology. 

physical  and  social  character  and  language  of  the  Indian 
Iso  forms  a  subject  of  attention ;  but  this  will  be  pastime  for 
3nt  parties  in  the  field,  and  the  subject  need  not  be  confined 
rticular  individual." 

proceeded  so  far  in  the  prosecution  of  the  work  here  pro- 

to  establish  the  great  astronomical  line,  forming  the  boun- 

reen  the  United  States  and  Mexico,  from  the  initial  pomt  on 

10,  to  the  juDctioA  of  the  Gila  and  Colorado,  and  to  a«qiiire 
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tfa«  data  for  preseiitvig  what  it  is  hoped  may  be  a  fair  exhilMtioii  of 
the  physical  character  of  the  country  traversed  by  this  line,  and  the 
region  for  many  miles  on  either  side. 

It  i;nll  not  come  within  the  scope  of  this  paper,  to  expose  the 
difficulties  which  were  interposed  in  tiie  prosecution  of  the  work,  owing 
to  the  fact  that  no  part  of  the  liberal  appropriations  voted  by  Congress 
for  this  work,  were  sent  nie  from  the  day  I  landed  on  the  Pacific, 
June  2d,  1849,  until  after  the  accession  of  the  new  Secretary  of 
the  Interior,  when  I  had  already  commenced  to  retrace  my  steps 
homeward,  in  the  fall  of  1860. 

Nor  is  it  my  purpose  to  note  the  great  embarrassment  caused  by 
the  extraordinary  condition  of  things  in  Oalifomia,  by  which  the 
wages  of  the  most  indifferent  laborer  or  attendant,  were  suddenly 
raised  from  thirty  dollars  a  month  to  one  hundred  and  fifty.  It  is, 
however,  but  fair  to  bear  Hiem  in  mind,  in  presenting'  a  summary  of 
what  was  accomplished. 

By  the  terms  of  the  treaty  of  Goadaloupe  Hidalgo,  the  porti(m  of 
the  boundary  above  referred  to,  commenced  at  a  point  one  marine 
league  south  of  the  port  of  San  Diego,  and  ran  thence  in  a  stra^ht 
line  to  the  junction  of  the  Gila  and  Colorado  rivers,  a  distance  now 
ascertained  to  be  148  miles  and  some  feet. 

The  intervHiing  country  is  of  that  character,  which  renders  experi* 
mental  lines  or  trigonometric  surveys  impracticable,  except  at  an 
enormous  expenditure  of  time  and  money.  Bising  from  the  ocean  in 
steppes,  of  hights  respectively  of  400,  3000  and  5000  feet,  above  the 
sea,  at  the  distance  of  about  sixty  miles,  the  land  falla  abruptly  into 
the  great  basin,  fonning  the  desert  at  the  head  of  the  Gulf  o(  Cali- 
fornia, and  throughout  this  whole  extent,  is  destitute  of  water  to 
drink,  and  for  much  the  largest  portion  of  the  way,  of  herbage  suffi- 
cient to  subsist  animals. 

I  therefore  concluded  to  determine  the  line  astronomically,  by  ascer- 
taining  the  difference  in  latitude  and  longitude  of  its  extremities,  and 
deducing  therefrom  the  azimut^  of  the  line  connecting  them. 

For  this  purpose  I  established  early  in  July,  an  observatory  at  the 
nearest  conv^ent  place  to  the  initial  point  on  the  Pacific,  and  named 
it  Gamp  BIley,  in  honor  of  the  general  who  did  much  to  forward  my 
operations.  Another  observatory  was  established  by  my  order,  at  the 
other  extremity  of  the  line,  at  the  junction  of  the  GKla  and  Colorado. 
This  last  was  in  the  heart  of  a  treacherous  Indian  nation,  yet  unsob- 
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[le  outfit  therefore  vas  made  with  a  view  to  defense.  Owing 
liholding  of  supplies,  the  change  in  the  CommisaiOQer,  aod 
!  in  the  new  Commissioner  to  show  himaeif  then  or  there- 
Bus  obliged  to  make  the  outfit  on  my  own  resp<Hifiibility,  and 
ratory  was  not  in  operation  until  late  in  September, 
seryations  at  Gamp  Riley  were  conducted  by  me  in  penoa; 
le  other  obserratory  by  lieut.  Whipple. 
1  observatories  was  an  ample  supply  of  good  chronometers, 
by  the  Messrs.  Bond,  of  Boston.  At  the  first,  was  a  aenitfa 
of  forty -six  inch  focal  length,  an  astronomical  telescope,  and 
Qstrument  of  the  same  focal  length ;  at  the  last,  a  thirtyrsiz 
it,  and  {ortj-Bix  inch  seniUi  telescope,  all  by  Troughton  and 
of  London. 

rious  reconnoissance  showed  the  difference  of  latitade  noi  to 
«en  minutes ;  and  my  aim  was  to  use  the  same  pairs  of  stan 
termination  of  latitude,  and  to  get  simultaneous  obserratioiis 
minatioBs  of  the  moon,  and  the  moon-cullninatiiig  stars,  so  as 
be  errors  in  the  tabular  places  of  the  stars, 
a  as  I  was  notified,  by  express,  of  the  estabUshmeat  of  the 
ry  at  the  mouth  of  the  Qila,  Captain  Hardeastle  was  de- 
with  parties,  to  occi]q)y  three  different  peaks  in  the  directioii 
e,  Cerro  Colorado,  Los  Pinos,  and  Mount  Wiecarami,  which 
I  reconnoissance  had  indicated  as  proper  points  inm  whidi 
ignals,  by  discharging  rockets  and  flashes  of  gunpowder. 
ig  the  stations,  including  Ihe  observatories,  from  west  towaid 
ind  numbering  them  1  to  6,  it  was  believed  that  flashes  «onld 
om  1  to  2,  from  4  to  5,  and  from  3  to  both  2  and  4.  Having 
ime  of  flash  at  2  observed  from  1,  the  diffui-enoe  between  tlM 
and  the  flash  at  4,  observed  from  3,  and  the  local  lime  of  tiie 
,  observed  from  5,  the  difference  in  local  time  beinreen  1  aad 
,  and,  consequently,  the  diflEerence  of  kmgitttde. 
I  Hardeastle,  and  has  party,  directed  these  flashes  for  ^wb 
succession,  and  on  one  of  the  fights  the  chain  of  observations 
•lete  as  far  as  4 ;  but  the  observers  at  5  failed  to  see  a  single 
i  No.  4,  owing  to  fogs  which,  at  that  season,  diifi  in  at  ni^t 
head  of  the  Gulf  of  California,  and  obstruct  the  view  aeloss 
lein  part  of  the  Besert  No  means  were  allowed  to  eaafaia 
severe  in  this  design,  which  would  have  given  va  the  difo^ 
»]|gitade,  with  nearly  the  same  aeouraey  as  a  geodatic  opera* 
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tioii»  aad  certaialj  as  good  aft  tbe  telegraphic  wire ;  and  I  was  oUiged 
to  rely  upon  the  differeDoes  deduced  by  obserratioas  on  the^  heavenly 
bodies.    As  it  happens,  Uiese  are  satisfactory  enough. 

The  obserrations  for  latitude,  at  Gamp  Biley,  are  given  in  Appendix. 
They  were  made,  as  before  stated,  with  the  zenith  telescope,  of  forty- 
six  inch  focal  length,  and  after  the  method  known  to  American  astro- 
nomers as  Talcott's  method.  Now  it  should  be  stated,  that  these 
obeerrattons,  satisfactory  as  they  are,  were  made  with  an  instrument 
ecmstructed  so  far  back  as  1B36,  and  which  has  been  much  used,  and 
eoBtatns  none  of  the  improyementa  adopted  in  those  of  the  Ooaat  Sur- 
vey, some  of  which  I  had  the  honor  of  suggesting,  in  1846. 

It  witt  be  seen,  that  the  general  result  is  baaed  upon  upward  of  four 
kundred  obsenralaons,  and  that  there  are  one  hundred  aad  ninety  inde- 
pendent results  obtained  firom  obserrations  oh  eighty-two  different 
stars.  The  stars  were  Used  in  pairs,  and  thie  latitude  obtained  by 
g&TiBg  to  each  pair  a  weight  depending  on  the  number  of  observatiana, 
is  52^  36'  43"  64. 

The  general  mean  of  each  night  is  32^36'  46".73 
Of  each  pair,  -     -   43".66 

And  of  aU,  -     -  43".63,  and  the 

probable  error  from  a  single  pair  is  r'.48,  and  the  limit  of  the  pro- 
bable error  from  all  the  pairs  is  only  O^.l^d.  Much  depended  on 
the  eorrectness  of  the  latitudes ;  hence  the  number  of  observations. 

The  diifiurences  of  lon^tnde  at  the  two  ebservatories  were  obtained 
by  observations  on  every  culmination  of  the  moon  visible  at  Camp 
Baley,  from  the  1st  August  to  1st  December,  1849,  in  number  26,  and 
at  the  other  end  from  Ist  September  to  30th  November,  in  number  30. 
But  one  oecultation  was  observed,-^that  of  Aldebaran,  at  Camp  Riley, 
-•<»wing  to  the  very  extnunrdinary  condition  of  the  atmosphere,  and 
the  fogs  which  at  that  point,  in  that  region,  envelop  the  coast  nearly 
every  night  of  the  summer  months. 

The  differences  of  longitude  were  deduced  in  the  field,  and,  with  the 
ktitsdes,  were  transferred,  by  geodetic  methods,  to  the  extremities  of 
the  line.  At  the  Qila,  the  observatory  was  within  a  few  himdred  yards, 
but  my  observatory  was  between  seven  and  eight  thousand  metres  from 
Ihe  initial  point  of  the  boundary,  and  the  transfer  was  made  by  a  tri- 
angle, with  a  base  of  4636.69  meters.  The  base  was  measured  twiee, 
with  great  care,  by  rods  made  of  seasoned  red  wood  and  steel  wires, 
graduated  from  a  meter,  measured  by  Gambey,  <^  Paris.  The  angles 
were  measured  with  an  Ertel  theodolite,  eighteen  inches  in  diameter. 
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Owing  to  the  great  motion  in  the  atmosphere,  caused  by  the  cold 
currents  of  air,  from  the  sea  passing  over  the  heated  and  parched 
surfiEu^e  of  the  earth, — ^which,  at  the  time  I  speak  of,  had  not  received 
a  drop  of  rain  for  five  months, — I  was  two  months  in  measuring  the 
angles  of  this  triangle  satisfactorily,  and  transferring  to  the  boundary 
the  azimuth  of  one  of  its  sides,  determined  by  a  series  of  observations 
at  the  observatory. 

I  would,  tiierefore,  suggest  to  those  who  propose  geodetic  operations 
in  that  region,  to  conduct  them  in  what  is  cfdled  the  rainy  season ;  that 
is,  from  December  to  March.  The  temperature,  then,  is  delightful; 
the  atmosphere,  at  times,  very  clear,  and  the  falling  of  rain  not  more 
frequent  than  in  the  summer  time  on  the  coast  of  Maine,  Oceafiion 
was  tak^i  to  transfer,  by  angulation,  my  determination  of  the  geogra- 
phical position  of  the  observatory,  to  Punta  Loma,  the  headland  f<»iu- 
ing  the  northern  cape  of  the  entrance  to  the  bay  and  port  of  Bsai  Diego. 
This  result,  so  interesting  to  mariners,  has  been  applied  for  very  often, 
and  I  avail  myself  of  this  opportunity  to  communicate  it : 

Latitude  of  Punta  Loma,  32^   39'  30".68 

Longitude  of  do.,  west  from  Greenwich,        7h.  49m.    0.48s. 

Throughout  the  whole  campaign,  a  series  of  magnetic,  barometric, 
and  hygrometric  observations  were  kept  up  at  the  principal  stations ; 
and  portable  instruments  were  sent  wit^  every  reconnoitering  party,  so 
that  a  complete  series  has  been  obtained  throughout  the  whole  extent 
of  the  line.  From  the  barometric  notes,  it  will«be  practicable  to  obtain 
a  profile  of  the  country. 

The  geological  and  botanical  survey  of  this  region  was>conducted  by 
Dr.  0.  €.  Parry.  He  is  now  engaged  with  Dr.  Torrey  in  bringing  out 
his  results. 

The  Reptilia,  and  other  animals  of  the  country,  did  not  receive  that 
attention  from  the  commission  which  the  subject  deserves,  from  the 
fact  that  the  proper  facilities  were  not  afforded,  and  from  the  circum- 
stance that  a  very  intelligent  and  zealous  young  naturalist, — ^Dr.  Le- 
Conte,  of  New  York, — ^was  present ;  who,  although  he  held  no  ofiicial 
position  on  the  work,  was  much  associated  with  the  Commission,  and 
came  out  for  the  express  purpose  of  obtaining  that  kind  of  information. 
No  formal  agreement  existed  between  himself  and  Dr.  Parry,  yet  a 
tacit  understanding  prevented  each  from  interference  in  the  special 
pursuits  of  the  other. 
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The  region  covered  in  our  operations  is  not  yery  extended ;  but, 
from  its  position  and  novel  character,  of  much  interest.  Little  was 
known  of  it,  except  from  a  military  reconnoissance,  conducted  by  my- 
self in  a  rapid  march,  made  with  the  troops  in  the  fall  of  1846  ;  it  is 
therefore  hoped  and  believed  that  Government  wiU  grant  the  means  to 
complete  th^  office  work  of  what  has  now  been  accomplished  in  the 
field. 

The  region  embraces  the  delta  of  two  remarkable  rivers,  the  Colo- 
rado of  the  West  and  the  Gila.  The  first,  reaching  many  thousand 
miles  into  the  interior,  resembles,  in  some  of  its  leading  features,  the 
Nik,  more  than  any  other  river  on  this  continent  Its  debouche  from 
the  mountains  into  the  desert,  is  less  imposing  than  might  be  supposed 
from  the  vast  extent  of  the  region  which  it  drains.  At  that  point,  in 
k)w  stages  of  the  water,  it  is  not  more  than  six  hundred  feet  wide,  and 
from  six  to  twenty  £eet  deep,  and  passes  at  the  rate  of  about  three 
miles  the  hour.  It  is  charged  with  a  sediment  giving  the  water  a 
reddish  tinge  ;  and  from  this  circumstance  derives  its  name  Colorado, 
(Bed.)  The  season  of  greatest  freshets  at  the  junction  of  the  two 
rivers,  is  during  the  months  of  July  and  August,  caused  by  the  melt- 
ing of  the  snows  in  the  regions  of  the  far  distant  and  northern  sources 
of  the  Ck>lorado.  Then  the  ground  for  many  miles  on  either  side,  is 
overflowed  and  fertilized,  and  the  Indians  retire  to  the  hills  with  all  the 
demonstrations  of  joy  which  the  people  of  the  Kile  exhibit  on  such 
occasions.  They  see  in  that  the  guaranty  of  a  plentiful  harvest.  The 
moment  the  waters  recede,  is  the  time  for  planting  com,  melons,  and 
beans.  These  grow  and  come  to  maturity  with  surprising  rapidity,  so 
that  the  harvest  seasoh  is  in  the  latter  part  of  October  and  the  first  of 
November.  I  have  not  the  least  doubt  that  by  planting  in  March,  and 
resorting  to  irrigation,  a  crop  could  be  raised  and  harvested  before  the 
overflow  in  July,  and  thus  two  crops  be  raised  every  year. 

The  distance  the  river  is  navigable  above  the  junction,  is  yet  un- 
known ;  it  is  now  ascertained  to  be  navigable  for  small  steamers  to  its 
mouth.  Gold  has  been  found  above  the  junction,  about  where  the 
range  of  mountains  containing  auriferous  quartz  should  strike,  which 
have  already  been  traced,  in  a  distinct  line,  as  far  south  as  the.  parallel 
of  Los  Angelos. 

Notwithstanding  the  forbidding  aspect  and  sterile  ch^acter  of  the 
table  land  on  both  sides  of  this  great  river,  and  the  fact  that,  with 
exception  of  the  military  camp,  not  one  white  man  is  settled  on  it,  the 
region  under  discussion  is  destined  to  make  an  important  figure  in  the 
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political  world,  from  its  Balubrious  elimate,  the  &ct  that  all 
eins  discovered  in  Califarnia  are  directed  toward  it,  and  are 
>eing  brought  nearer  to  it,  that  it  presents  the  only  outlet  to 
e  extent  of  country  drained  by  the  Colorado  and  its  trilm- 
t  aboTe  all,  that  it  is  in  my  opinion  the  only  region  through 
practicable  to  connect,  by  railway,  the  two  »sides  of  o«r 
communication  lying  within  or  contiguous  to  our  territory, 
careful  examination  of  all  the  explorations  made  in  the 
tern  regions,  with  those  made  along  the  line  which  I  shall 
cetch,  a  large  portion  of  which  last  was  made  by  myself, 
sion  is  fixed,  which  I  have,  on  more  occasions  than  one^ 
Q  official  communications  to  the  Gbvemment,  that  if  a  rail- 
Pacific,  within  our  own  territory,  is  seriously  contemplated, 
xists  near  the  thirty-second  parallel  of  latitude,  by  whidi 
ntirely  avoided,  and  where  no  elevation  requiring  tunneling 
y  power,  will  have  to  be  resorted  to. 
may  commence  any  where  on  the  Mississippi  or  Missouri, 
^ndence  to  the  Gulf;  but  it  must,  before  it  reaches  the 
ntain  chain,  deflect  sufficiently  far  to  the  south  to  turn  the 
\  Mountains,  which  terminate  on  an  elevated  plain  in  Texas, 
arallel  of  31^  \  there  it  will  follow  any  of  the  various  passes 
Y  Colonel  Johnstone,  of  the  Topographical  Bngineers,  and 
U'cy,  of  the  United  States  Infantry.  Crossing  the  Del 
b  El  Paso,  it  will  follow  a  direction  not  iiEir  from  the  thirty- 
Jlel  of  latitude  until  it  strikes  the  emigrant  trail  from  Chi- 
lence  it  will  follow  that  trail,  by  easy  descents,  some  one 
Ld  thirty  miles,  to  the  valley  of  the  Qila  river.  The  line 
ss  along  that  river,  without  obstacle,  to  the  junction  of  the 
e  Colorado,  where  Nature  has  made  the  abutments  for  a 
'  above  the  reach  of  floods,  in  the  huge  Feldspathio-gnmite 
mgh  which  these  rivers  pass  at  the  moment  of  uniting, 
point  three  practicable  lines  present  themselves,  any  of 
be  chosen ;  and  Uie  choice  will  undoubtedly  be  made  by 
derating  commercial  influence  which  exists  at  the  time,  vix : 
line  to  the  Gulf  of  Califomia  or  the  Sea  of  Cortes.  Second  : 
mountains  to  San  Diego.  Third  :  By  the  valley  oi  the  Tu- 
and  the  San  Joaquin,  to  the  valley  of  the  waters  of  San 
^ay. 
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4.  Oh  tBs  Evnora  ov  tarn  Ammab  oy  Ocbakio  Tsmfjaatubis.  By  Capt. 

Ghaslis  Wiucb. 
(Sfifi  received,) 

5.  GaooBAPfiiOAL  DiSTBiBirrioN  or  Cbstain  Spicibb  ot  Flutiatili 
.     AND  Tebbbtrial  Shells.  Bj  J.  S,  Nbwbibbt,  M.  D.,  Cleveland,  0. 

(AbOraei.} 
CoHGBESB  Lake,  a  small  body  of  water,  lying  on  the  south  Ime  of 
the  Western  Reserve,  between  Portage  and  Stark  counties,  besides 
other  shells  common  to  most  of  the  lakes  in  northern  Ohio,  contains 
four  species  which  may  be  called  rare.    These  are, 

JAmnea  gradUe^  MdamagracUis^ 

X.  jugrdarie  Aiicylus  fuecue. 

Of  these,  Limma  gracUie  is  found  only  in  one  other  locality,  and 
that  is.  Lake  Champlain,  where  it  was  discovered  by  Prof.  Adams ; 
and  until  I  obtained  it  firom  the  above  mentioned  locality,  it  was  sup- 
posed to  be  confined  to  its  eastern  habitat. 

Lmnea  juguhxris — the  analogue  of  the  European  L,  stagndlie,  and 
the  largest  of  our  fresh  water  univalves — ^is  found  no  nearer,  and  I 
believe  in  no  otiier  locality,  than  some  points  on  the  upper  great  lakes. 

Jfelama  graeilis,  like  the  Limneas,  of  which  I  have  spoken,  a  pecu- 
liar and  beautifnl  shell,  is  confined  to  Congress  lake  and  another  near 
by — a  singular  fact  in  regard  to  a  Meltoia,  a  genus  generally  inhabiting 
only  running  streams.  This  species  was  described  by  Mr.  Anthony, 
from  specimens  from  this  locality. 

The  fourth  shell — Ancylus  fuseua — like  JAmnea  gracilis,  is  found 
in  Vermont.  I  am  not  aware  that  it  has  been  discovered  in  the 
mierspace. 

I  ought  also  to  state  in  this  connection,  that  the  country  about  Con- 
gress lake  furnishes  at  least  two  other  shells — ffdix  diodonia  and  M. 
iMdddefUata — ^which  are  found  in  Vermont,  and  as  yet  not  elsewhere. 

I  have  examined  the  other  productions  of  Congress  lake — ^its  plants, 
fishes,  etc.,  but  have  detected  nothing  peculiar  to  it  in  either  of  these 
departments. 

The  general  features  of  the  lake  and  surrounding  scenery,  are  not 
such  as  to  distmguish  it  from  those  which  lie  about  it,  and  which  do 
not  contain  its  peoulicr  a^tts. 
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lated,  geographically,  on  the  ridge  or  table  land  which  di- 
vraters  flowing  north,  from  those  which  run  south  into  the 
a  elevation  of  about  five  hundred  feet  above,  and  at  a  dis- 
)rty-five  miles  south  from,  Lake  Erie. 

ogical  position  is  over  the  out-crop  of  the  lowest  stratum  of 
t  Ohio  coal  basin,  but  the  rocks  do  not  appear  in  the  imme- 
ity,  being  concealed  by  heavy  beds  of  drift, 
jolated  position,  cut  off  entirely  from  the  ordinary  channels 
nication — canals  and  running  streams — of  which  many  of 
ics  are  so  ready  to  avail  themselves  when  they  exist,  I  have 
e  concentration  in  its  waters  of  several  well  marked  species 
whose  only  other  habitats  are  so  remote,  was  not  without 


B    LONOITUDB    OF    THE    CINCINNATI    OBSERVATORY,     BY    TeLB- 
OpERATIONS,  in  CONNECTION  WITH   THE  U.  S.  CoAST    SuRVEY. 

:.  O.  M.  MiTCHEL,  Director  of  the  Cincinnati  Observatory. 

M.  MiTCHEL  addressed  the  Association  on  the  subject  of 
aph  operations  of  the  Coast  Survey,  between  Philadelphia 
mati,  in  1848,  for  the  purpose  of  determining  their  difference 
ie,  as  follows : 

rell  known  to  the  members  of  the  Association  that  an  astrono- 
wishes  to  avail  himself  of  the  computations  of  the  places  of 
nly  bodies,  made  for  observatories  of  foreign  nations,  must 
his  longtitude  from  them.  In  the  early  commencement  of 
,  this  was  effected  with  much  success,  by  observing  the  tran- 
cury,  of  1846.  ^ 

,  the  Coast  Survey,  having  need  to  determine  the  longitude 
rleans,  and  having  for  this  purpose  selected  the  western  line 
phs,  as  far  as  completed,  I  was  invited  by  Prof.  A.  D.  Bache» 
ident,  to  furnish  the  co-operation  of  the  Cincinnati  Observa- 
is  offer  was  the  more  readily  accepted,  because  the  junction 
Ltlantic  stations  of  the  Coast  Survey  would  render  available 
)  the  extensive  series  of  results  already  in  its  possession.  The 
ae  from  the  city  to  the  Cincinnati  Observatory,  was  erected 
lid  presented  by  Henry  O'Reilly,  Esq.,  to  the  Observatory, 
al  arrangements  for  the  work  were  made  by  James  D.  Reid» 
eral  Superintendent  of  the  western  O'Reilly  telegraph  lines. 
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The  general  direction  of  the  work  was  intrusted  to  Sears  0.  Walker, 
Esq.,  Assistant  of  the  Coast  Survey.  The  peculiar  apparatus  was  fur- 
nished by  the  Coast  Surrey ;  and  in  October,  1848,  the  work  was 
commenced.  I  have  now  before  me  the  fiill  o^cial  report  of  Mr. 
Walker  to  the  Superintendent  of  the  Coast  Survey,  giving  all  the  inci- 
dents and  statistics  of  the  work.'' 

Prof.  HiTOHSL  then  read  several  extracts  from  Mr.  Walker's  report, 
observing  the  close  agreement  of  the  results  obtuned  by  the  same 
persons  on  successive  evenings,  or  on  the  same  evening  by  different 
persons  or  methods.  After  which  he  remarked  that  he  should  never 
forget  the  impression  made  on  him  by  the  night's  work  on  the  twelfth 
of  October. 

"Every  thing  being  in  readiness  for  the  work,  a  message  was 
received  from  Prof.  £.  Otis  Kendall,  director  of  the  Philadelphia 
Observatory,  and  the  work  proceeded  as  follows  : 

Ph. — ^Are  you  ready  for  star  signals  ? 

(7».— Yes. 

PA.— Look  out  for  No.  639,  B.  A.  C* 

a, — ^Yes,  all  read^. 

Fk. — Star  is  in  the  field ;  look  out. 

Then  came,  at  intervals  of  about  a  quarter  of  a  minute,  seven  dis- 
tmot  signals  or  magnet  beats,  which  we  ail  heard  at  the  Observatory, 
and  compared  with  our  standard  time-keeper.  Prof.  Kendall  had  also 
recorded  his  magnet  beats  by  the  time  of  his  standard  clock.  These 
seven  signals  were  the  dates  of  the  passage  of  this  star  over  the 
meridian  spider-lines  of  his  tran»t  instrument.  Then  followed  the 
conversation : 

Ph. — ^Did  you  get  my  star  signals  ? 
ex.— Yes. 

Ph. — I  will  send  you  three  more  stars, 
ex.— Ready. 

After  three  more  stars  had  been  treated  in  the  same  way : 
*  British  AMOdatioa  Cat^cMtne. 
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-Did  you  get  the  three  stars  ? 

-Yes. 

-Then  send  me  back  all  four." 

.  KiTCHSL  here  explained  that  the  fourth  star  had  thus  been 
\d  at  Philadelphia,  and  recorded  at  both  places,  before  the  first 
1  reached  Cincinnati,  when  the  reverse  of  the  process  just  des- 
took  place.  Cincinnati  gaye  the  star  «ignals,  and  boih  Cimcin- 
d  Philadelphia  recorded  them  at  the  same  time.  The  process 
puting  the  longitude  from  such  an  experiment,  is  very  simple, 
ae  that  elapses  on  the  standard  clock,  after  the  star  passes  the 
in  of  Philadelphia,  and  before  it  reaches  Cinjcinnati,  is  the 
ice  of  longtitude  in  time.  Fifteen  times  that  quantity  is  the 
phical  difference  of  longitude  in  arc. 

.  MiTCHBL  then  handed  to  the  Secretary,  for  pubheation,  the 
report  of  Mr.  Walker  to  the  Superintendent  of  the  Coast  Surrey. 

Waskifigion,  Jpril  4,  18^1. 

►f.  A.  D.  Bachk,  LL.  D.,  Sup't  Coast  Survey: 

-  Sir — I  beg  to  submit  my  final  Report  on  the  work  of  October, 
or  determining  the  longitude  of  the  Cincinnati  Observatory,  from 

the  Central  High  School  of  Philadelphia. 
Philadelphia  operations  were  under  the  charge  of  Prof.  Kendall, 
i  by  Mr.  Mason,  and  Mr.  Reynolds. 

Cincinnati  operations  were  under  the  charge  of  Prof.  O.  M. 
1,  Director  of  the  Observatory,  and  his  Assistants,  Messrs. 
ell  and  Trask,  and  Prof.  Yamall,  U.  S.  N.     The  general  diree- 

the  work  was  under  my  charge,  with  the  assistance  of  Mr.  L. 
'ourtal^. 

outfit  of  the  Philadelphia  Station  consisted  of  the  doek  and 
instrument  of  that  establishment ;  one  solar  chronometer,  2495, 
son  and  Frodsham ;  and  the  Morse  recordmg  apparatus,  belong- 
the  Coast  Survey. 

outfit  of  the  Cincinnati  Observatory  consisted  of  one  of  the  two 
»t  transit  instruments,  made  for  the  Coast  Survey  by  Troughlon, 
>.  To  this  was  added  a  Morse  recording  apparatus,  belonging 
Survey.     The  tkne-keepers  used  were,  the  solar  chronometer. 
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No.  310y  Tobias*  belonging  to  tbe  High  School  ObserFatory,  (loaned 
to  the  Coast  Survey  by  Prof.  Kendall) ;  a  sidereal  chronometer.  No. 
744,  Parkinson  and  Frodsham,  belonging  to  Prof.  Mitchel ;  two  solar 
pocket  chronometers.  No.  190,  Lukens,  belonging  to  myself,  and  No. 
66,  Honrier,  belonging  to  Povtal^s.  On  the  mght  of  the  26th  of  Oc- 
tober, we  used,  in  addition  to  these,  the  chronometer  No.  2039,  Moly- 
nenx,  loaned  to  us  by  Dr.  John  Locke. 

The  nights  of  successful  work  were,  the  7th,  9th,  12th,  14th,  20th, 
and  26th  of  October,  when  clock  signals,  received  by  the  ear,  were 
ezehanged  between  the  two  stations.  Star  signals  were  also  exchanged, 
on  all  but  die  9th. 

The  comparisons  of  chronometers  were  made  at  each  station  by 
coincidences  of  beats.  The  exchange  of  clock  signals  was  conducted 
in  the  same  manner.  To  identify  hours,  minutes,  and  seconds,  one 
minute  was  signalised  from  each  station,  by  signals,  each  ten  seconds 
apart.  The  Philadelphia  signals,  every  second,  for  coincidences,  were 
given  by  Prof.  Kendall,  on  the  Lukens  sidereal  clock.  They  were 
received,  at  Philadelphia,  on  the  solar  chronometer,  2495,  by  coinci- 
dences of  beats,  in  duplicate,  by  Mr.  Mason  and  Mr.  Eeynolds.  They 
were  received,  at  Cincinnati,  by  coincidences  on  the  solar  chronometer, 
310,  Tobias,  by  Prof.  Mitchel,  Pourtal6s,  Twitchell,  Trask,  Yamall, 
and  myself. 

The  Cincinnati  second  signals  were  given  by  myself  on  the  7th  of 
Oetober,  and,  on  the  other  nights,  by  Prof,  Mitchel.  They  were 
received,  at  Philadelphia,  on  the  Lukens  sidereal  clock,  by  Prof.  Ken- 
dall, Mr.  Mason,  and  Mr.  Reynolds,  by  coincidences  of  beats. 

The  equatorial  reduction  of  each  of  the  seven  wires  of  the  Extel 
transit  instrument,  at  Philadelphia,  to  the  mean  of  the  seven,  was  as 
follows.     The  arrangement  is  for  lamp  west : 

9 

A  to  mean  of  seven  -|-  31.967 
♦B  +21.834 

c  4- 1^-*^ 

D  4-  ^'^^ 

B  — 10.718 

F  —  21.428 

a  —82.030 
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For  the  Troughton  transit  ixxstnimenty  at  Cincinnati,  these  values 
were — 

9 

A  to  mean  of  five  +  50.086 
B  +25.090 

C  _  0.086 

D  —25.059 

E  —50.080 


The  corrections  of  the  clock  readings  for  the  observed  time  of  the 
transit  of  a  star  over  a  wire,  as  registered  by  the  use  of  the  eye  and 
ear,  are  as  follows: 

AT  Weight  in 


No. 


eight 
I.  oft 


For  Walker, 

—  0.026 

470 

EendaU. 

+  0.072 

1003 

Mason, 

+  0.054 

482 

Reynolds, 

—  0.093 

445 

Mitcbel, 

—  0.050 

172 

Pourtalte, 

—  0.289 

165 

TarnaU, 

—  0.0S3 

244 

TwitcheU, 

—  0.217 

122 

Trask. 

—  0.129 

90 

Wm.  Cranoh  Bond, 

+  0.000 

840 

The  corrections  n  and  c,  of  the  polar  and  collimating  deviations  of 
the  mean  of  the  wires  for  lamp  West,  in  the  two  transit  instruments, 
were  as  follows : 


At  Philadelphia. 
s  s 

1848,  Oct.  6,  tt  =  —0.306  r  =  —  0.128    n : 


7. 

-r  0.090 

8, 

0.085 

9. 

+0.020 

10. 

« 

11. 

—0.786 

12, 

—  0.162 

13. 

II 

14. 

—0.082 

At  Cindnnati. 
s  s 

-0.287  c  =  — 0.299 


—  0.215         —  0.29O 
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At  Philadelphia.  At  Cincinnati. 

s  s  s  s 

1848,  Oct.  15, »— 0.082  c—— 0.128    »  —  — 0.215  c  —  — 0.290 


16. 

« 

17, 

(» 

18, 

II 

1». 

—  0.40S 

20, 

—  0.293 

21. 

II 

22, 

II 

23, 

II 

24, 

II 

25. 

+  0.267 

26, 

+  0.137 

27. 

+  0.179 

28. 

—0.219 

29. 

II 

80. 

—0.331 

—  0.948         —0.810 


After  correcting  the  times  of  transit  for  the  observed  bias  of  the 
axis,  let «  =  the  clock  correction,  neglectmg  m,  u,  and  c ;  then  ft  ■-»  -[• 
(M — N)n  —  Cc  =  the  actual  clock  correction,  in  which,  M  =  Nat. 
Tan.  latitude,  N  =  Nat.  Tan.  declination,  and  C  — Nat.  Secant 
declination. 

The  correction  of  the  Lukens  sidereal  clock  at  Philadelphia,  on 
sidereal  time,  was  as  follows,  at  24h.  siderial  time,  the  personal  equa- 
tions being  applied. 


1 3411.  Sid.  Time,  Fhila. 
1848,  Oct.  6, 

Lukens  Sid.  Cloclc. 
a 

Sid.  Rate. 

r 

i 
+  2.804 

+  2.17 

6. 

+  0.116 

+  2.07 

7. 

—  1.756 

+  1.94 

9. 

—  6.886 

+  1.97 

11. 

—  10.007 

+2.65 

12. 

—  12.876 

+  2.84 

14,      . 

—17.180 

+2.26 

19. 

—80.112 

+  2.98 

20, 

—32.918 

.     +2.99 
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id.  Clock. 

Sid.  Rkts. 

■   r 

.064 

* 
+  2.64 

.538 

+  2.56 

.192 

+2.73 

.084  , 

+  2.86 

.067 

+  8.02 

.191 

+2.95 

.168    . 

+  2.53 

s  of  the  solar  chronometer,  310 
nnati,  at  24h.  siderial  time,  the 


TobiM. 

Solar  Rate. 

r 

068 

* 
—  0  30 

.102 

0.69 

.450 

1.26 

.804 

1.51 

.475 

1.67 

.742 

1.29 

.047 

1.26 

.243 

0.74 

,531 

0.49 

.787 

1.44 

194 

1.63 

,760 

1.47 

292r 

1.31 

.704 

0.79 

.466 

0.27 

^lank  form  No.  3,  for  longitudes 

d'±(  ._?+.+•) 

wk  rttardad  lot. 
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Where  the  upper  sign  is  for  eastern  signals,  and, 

d'^the  approximate  longitude,  after  applying  the  corrections  for  the 
clock,  transit  instrument,  and  personal  observing  equation. 

«  —  the  correction  to  d'  for  personal  error  in  tapping  clock  signals. 
This,  in  conformity  with  all  the  experience  of  the  Coast  Survey 
to  this  time,  (1851,)  is  assumed  to  be  insensible. 

i  >->  the  correction  to  <f ,  for  the  personal  error  in  recording  telegraph 
coincidences  by  the  ear.  This  value  is  unknown.  The  ^here 
used,  is  the  reduction  of  each  observer's  <f  to  the  average  value 
of  d\  for  all  the  persons  at  a  single  station. 

«  — sWave  time  of  the  galvanic  current.  In  my  report  for  1860,  I 
have  stated  this  value  to  be  one  second  for  15,400  miles  of  iron 
wire.  In  the  work  from  Philadelphia  to  Cincinnati,  in  1848,  the 
length  of  iron  wire  was,  via  Pittsburgh,  on  the  O'Reilly  line,  674 
miles,  and  the  wave  time  at  the  above  rate,'  0.044^.  I  have  used 
this  value  in  the  computations  for  this  Report. 

$  aa  The  time  of  the  armature,  traversing  the  electropoea  pass.  I 
have  used  Dr.  Gould's  estimate  for  the  value  of  d,  vis  :  B^^^  0.030i. 
We  worked  with  an  electropoBa  key. 

The  values  of  {  for  the  several  observers,  in  registering  coincidences, 
were  as  follows : 

s 
For  Walker,    W.,  f—         —0.006 

Mitchel,"    M.,  —0.002 

PourtaUs,  P.,  4-0.025 

Yamall,     Y.,  +  0-012 

Twitchel,  Tw.,  -f- 0005 

Trask,       Tr.,  —0.009 

Kendall,     K.,  -|- 0.009 


Mason,      M.,  +0.003 

Reynolds,  R.,  —0.012 
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The  following  is  the  reduction  of  each  Cincinnati  observer's  record 
of  Philadelphia  star  signals,  received  and  compared  by  the  ear,  with 
the  solar  chronometer,  No.  310,  to  the  mean  of  the  six: 

s 
W.  to  mean  of  six,  a  T  —  +  0-046 

M.  +  0.096 


R. 

—  0.008 

Y. 

+  0.020 

Tw. 

—  0.106 

Tr. 

—  0.060 

for  the  three  Philadelphia  observers : 

8 

—  —  0.032 

K.  to  mean  of  three, 

AT' 

M. 

—  031 

R.  +0.063 

The  values  of  d,  on  the  west  Longtitude  of  Cincinnati  Observatory, 
from  that  of  Philadelphia,  after  the  above  data,  came  out  as  follows  : 

*"*••  Clock  SifnaU.  ^V>""*''         BMeption.  SBfMvnr,     Lo^^j.^^rf. 

in.    9. 

1848.  Oct.  7       Phil'a  EendaU  Cincinnati  Walker     37  20.694 

Mitchel  .693 

Cin'ti  Walker  Philad'a  Kendall  .771 

"            "            <«                    "  Mason  .724 

Oct.  9      Phil'a  Kendall  Cincinnati  Walker  .791 

"            •'             *«                     "  Mitchel  .795 

'*            "            *«                    "  Pourtal^s  .776 

Cin'ti  Mitchel  Phila'da  Kendall  .722 

Oct,  12     Phil'a  Kendall  Cmcinnati  Walker  .238 

«*            "             "                    "  Mitchel  .206 

«*            "            ««                    "  Pourtal^s  .319 

Cin'ti  Mitchel  Philad'a  KendaU  .100 

"            "            "                    "  Mason  .100 

'«             «             «*                    ««  Reynolds  .109 

Oct.  14     PhU'a  KendaU  Cincinnati  Walker  .420 

*«            *«            "                    **  Mitchel  .403 

"            «*            «*                    "  Pourtal^  .963 

«*            ««            «*                    **  Yamall  .371 
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Of. 


Plftce  of 

Mk  Signali 

,   SfgnallMr. 

Place  of 
Reception. 

lU^:  '                Otnclndod 
"^^^•'-         Longtitiide  =  d. 

m.    s. 

Cin'ti 

Mitchel 

Philad'a 

Kendall 

.360 

(4 

<< 

(( 

Mason 

.343 

*t 

<( 

tt 

ReynoldB 

.326 

Pha'a 

KendaU 

Cincinnati 

Walker 

.829 

it 

<i 

tt 

Mitchel 

.811 

It 

it 

tt 

Pourtalte 

.799 

<( 

ti 

tt 

TwitcheU 

.826 

(( 

tt 

tt 

Trask 

'  .826 

Cin'ti 

Mitchel 

Philad'a 

KendaU 

.768 

C( 

ti 

tt 

Mason 

.714 

(( 

(€ 

tt 

Reynolds 

.738 

Phfl'a 

EendaU 

Cincinnati 

Walker 

.786 

« 

tt 

tt 

Mitchel 

.801 

ti 

tt 

tt 

Pourtal^ 

.776 

€t 

tt 

tt 

Yamall 

.787 

Cin'ti 

Mitchel 

PhUad'a 

Mason 

.636 

(( 

tt 

*4 

Reynolds 

.636 

From  these  data  we  derive  the  lon^tude  of  Cincinnati,  by  coinci- 
dence of  clock  signals : 


Bjr  eastern 
clock  sig's. 

By  western 

clock  sigV 

m.  *. 

m.  «. 

1848— Oct.    7, 

87  20.694 

87  20.747 

9, 

.787 

.722 

12, 

.287 

.108 

14, 

.897 

8.43 

20. 

.818 

7.37 

26. 

.787 

6.36 

Mean  result, 

37  20.628 
87  20.548 

37  20.548 

Mean,  by  E.  and  W. 

87  20.588  = 

:  loDgitode,  b 

eoincidences. 

The  results  of  the  star-signals  between  the  two  stations  may  be 
divided  into  four  classes : 
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s  I. — ^Philadelphia  star-signals,  recorded  at  both  stations,  cor- 
rected for  instrumental  deviations ;  for  relative  personal 
receiving  equations ;  for  electropoea  armature  time,  and 
for  wave  time. 

II. — ^The  Cincinnati  star-signals,  treated  in  the  same  manner. 
III. — Signals  of  the  same  star  at  both  stations,  received  at  Cin- 
cinnati, the  small  corrections  being  applied. 
IV. — ^The  same  received  at  Philadelphia,  corrected  in  the  same 
manner. 

RESULTS  BY  STAR-SIGNALS-CLASS  I 


m.  s. 

1848-00*.  7,  574 

37  20.354^ 

625 

.417  J. 

684 

.685  J 

Oft.  12,  539 

.425" 

574 

.295 

625 

.121  ■ 

684 

.865, 

14,  539 

.627' 

760 

.354 

794 

.501 

837 

.588 

881 

.706  • 

1202 

.451 

124S 

.506 

1284 

.444 

1309 

.459 

20,  648 

.494' 

760 

.569 

794 

.865  • 

837 

.701 

881 

.800, 

26,  648 

.644' 

624 

.698 

1090 

.492  . 

1121 

.684 

1148 

.759 

m. 


37  20.486 


8720.301 


3720.504 


37  20.686 


87  20.655 
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RESULTS  BT  STAR-SIQNALa-CLASS  a 


m.  «. 

m.  «. 

1848-Oot.I2,    589 

8729.2261 

574 
625 

.161 

.286  [37  20.171 

684 

.022^ 

14,    760 

.636- 

887 

.536 

881 

.702 

1202 
1245 

.422 
.466 

■37  20.600 

1284 

.336 

1309 

.497  J 

56,    625 

.654^ 

648 

.485 

7iff 

.613 

1090 

.481 

1148 

.419 

1202 

.480 

■37  20.626 

1245 

.461 

1284 

.574 

1309 

.585 

1346 

.597 

RESDLTa  BY  STAIUSIGNALS.-CLASS  DL 

m.   t.            m.  t. 

1848— Oct.  12,    589 

37  20.2861 

574 
625 

.874 
.392 

•87  20.307 

684 

.175 

14,    760 

.622- 

'                      887 

.876 

881 

.548 

1202 

.614 

^37  20.499 

1245 

.086 

1284 

.391 

1309 

20.460 

26,    648 

21.081  ■ 

720 
1090 

20.883 

21.034  h^  20.190 

1148 

21.692 
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RESULTS  BY  STAR-SIGNALS-CLASS  IV. 


m.  «. 

.  12,  530 

87  20.729] 

6T4 
6:25 

.364 
.082 

m.   t. 
•87  20.427 

684 

.684 

14,  760 

.168- 

794 

.053 

887 

.208 

881 
1202 

.476 
.474 

■  37  20.333 

1245 

.499 

1284 

.840 

1309 

.460. 

26,  648 

.876' 

684 

20.534 

1090 

21.049  y  87  20.722 

1112 

20.876 

1148 

20.777 

COLLECTION  OF  RESULTS. 

m.  ».  itfht 

1848 — By  eastern  clock  signals  six  nights,             <{•>  37  20.638  4 

Trestera,        "                "                        d,^  37  20.648  4 

eastern  star-signals.  Class    I. — Snightstf— -37  20.626  I 

western        "             "      II 3     "    rf— 37  20.398  1 

eastern         «             "    III.— 3     "    <;..37  20.672  1 

western         "             "     IV — 3     "    rf— 137  20.494  1 


Mean  by  weights. 


—  37  20.668     12 


From  all  these  data,  I  conclude,  that  the  Cincinnati  Obserratoiy  is 
west  of  the  Philadelphia  Observatory  37m.  208.  668. 
Yours,  respectfully, 

SiABS  0.  Wauob, 

Attt.  U.  8.  C.  Survey. 
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7.  Abstract  of  as  Introbuotion  to  the  Final  Report  on  the  Geo- 
logical SURVBTB  MADE  IN  WISCONSIN,  loWA,  AND  MlNESOTA,  IN  THE 

TEARS  1847-'48-'49,  and  '60,  containing  a  Stnofsis  of  the  Geolo- 
gical Features  of  the  Country.    By  D.  D.  Owen,  M.  D. 

These  surveys  were  made,  under  instructions  from  the  general 
govemment,  by  Dr.  Owen,  as  principal  geologist,  by  Dr.  Norwood,  as 
assistant  geologist,  and  by  Dr.  Shumard,  Dr.  Evans,  Prof.  Litton,  Col. 
Whittlesey,  and  Mr.  B.  C.  Macy,  as  h^ads  of  sub-corps. 

The  district  of  country  embraced  in  these  surveys  comprises  about 
two  hundred  thousand  square  miles,  lying  both  east  and  west  of  the 
Mississippi ;  partly  in  Iowa,  partly  in  Wisconsin,  and  partly  in  Mine- 
sota. 

That  portion  which  lies  east  of  the  Mississippi  is  bounded,  on  the 
south,  by  the  Wisconsin  river,  east,  by  the  State  of  Michigan,  and 
north  by  the  Territory  of  the  Hudson's  Bay  Company ;  that  portion 
which  lies'  west  of  the  Mississippi  is  boimded,  on  the  north,  by  the 
Minesota  river,  and  the  northern  line  of  Iowa,  west,  by  the  Missouri 
river,  and  south  by  the  line  dividing  Iowa  and  Missouri.  The  region 
of  country,  therefore,  over  which  the  surveys  have  extended,  embraces 
an  area  at  least  six  times  as  large  as  the  State  of  New  York. 

Throughout  this  vast  district,  all  the  principal  streams  which  water 
it  have  been  explored,  to  the  number  of  ninety-one ;  and  more  than  a 
fourth  of  these  have  actually  been  navigated,  from  their  mouths  to  their 
sources,  in  bark  canoes. 

The  sections  near  the  confluence  of  the  Mississippi  and  Wisconsin 
rivers,  are  the  starting  points,  by  which  the  connection  between  the 
geology  of  this  district,  and  the  one  previously  surveyed,  in  1839,  is 
best  understood ;  at  the  same  time,  they  serve  as  standards,  by  which 
the  geological  formations  of  the  Upper  Mississippi  can  be  most  easily 
referred  to  those  parts  of  the  west,  the  geology  of  which  was  previously 
known. 

Those  who  have  had  an  opportunity  of  consulting  the  report  of  1 839 
on  the  Dubuque  District  of  Iowa,  and  Mineral  Point  District  of  Wis- 
consin, may  recollect  that  the  upper  of  two  magnesian  limestones  of 
the  north-west  occupies  the  greater  portion  of  the  surface  of  those  land 
districts.  This  upper  magnesian  hmestone  only  caps  the  hills  north  of 
the  Wisconsin  river,  and  very  soon  runs  out,  giving  place  to  the  under- 
lying sandstones,  and  lower  magnesian  limestone,  which  gradually 
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emerge  from  beneath  the  water-courses ;  rising,  with  local  undolations 
higher  and  higher,  as  yon  proceed  north,  imtil,  finally,  the  two  inferior 
members, — i.  e.,  the  lower  magnesian  limestone,  and  lowest  sandstones 
of  this  protozoio  system, — ^range,  exclusively,  from  within  a  few  miles 
of  the  Wisconsin  river  to  beyond  the  St.  Croix,  and  within  a  short 
distance  of  the  mouth  of  the  Minesota,  wliere  they  again  sink  beneath 
the  water-courses,  and  are  once  more  overlaid,  by  the  upper,  soft, 
white,  crumbling  sandstone,  and  schistose,  foesiliferous  limestone  of  the 
Falls  of  St.  Anthony ;  beds  which  correspond,  in  age  and  geological 
position,  to  those  described  in  the  report  of  1839,  as  intervening 
between  the  two  above-mentioned  magnesian  limestone  formations  of 
the  Wbconsin  river,  which  are  contemporaneous  with  a  portion  of  the 
Lower  Silurian  system  of  Europe. 

The  average  width  of  surface  exposure  occupied  by  the  lower  mag- 
nesian limestone,  and  lowest  sandstones,  of  the  protozoic  system  of  the 
Upper  Mississippi,  may  be  about  one  hundred  miles,  one  half  of  which 
lies  on  the  east  side,  and  one  half  on  the  west  side  of  the  stream ;  its 
boundary  line  on  the  east,  or  rather  north-east,  being  coincident  with 
the  principal  falls  of  the  streams  flowing  into  the  Mississippi  in  Wis- 
consin, where  the  crystalline  rocks  come  to  the  day.  The  western 
confines  of  the  lower  magnesian  limestone,  lie  toward  the  sources  of 
the  western  tributaries  of  the  Mississippi,  where,  however,  this  forma- 
tion is,  to  a  great  extent,  concealed  by  drift  and  deep  recent  deposits. 

In  consequence  of  the  prevalence  of  the  south-western  dip  of  the 
sedimentary  rocks  through  this  country,  the  lowest  beds  rise  nearest 
the  surface  on  the  north-east ;  accordingly,  here  are  to  be  found  tiie 
lower  beds  of  sandstone,  with  little  or  no  covering  of  magnesian  lime- 
stone, occupying  a  belt  of  country  from  twenty  to  thirty  miles  in  width, 
while  over  the  other  two-thirds,  the  sandstones  only  constitute  the 
base  of  the  sections,  having,  for  the  most  part,  a  considerable  covering 
of  lower  magnesian  limestone. 

The  lower  magnesian  limestone,  and,  indeed,  to  some  extent,  the 
sandstones,  are  metalliferous,  yielding  both  lead  and  copper.  These 
ores  have  been  mostly  found  in  pockets,  or  in  hcMizontal  openings ;  at 
one  locality,  however,  on  the  Half-breed  Tract,  below  Lake  Pepin,  a 
regular  east  and  west  vein,  apparently  several  inches  in  width,  was 
seen  traversing  the  lower  magnesian  limestone. 

The  copper  is  a  hydrous  di-carbonate,  mixed  with  some  silicate  of 
copper,  and  copper  pyrites,  similar  in  quality  to  that  described  in  the 
report  of  1839,  as  occurring  in  the  vicinity  of  Mineral  Point,  and 
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yields  from  ten  to  twenty  per  cent,  of  metallic  coppsr.  The  lead  ore  is 
a  sulphuret  of  the  same  composition  as  that  occurring  in  the  Duhuqae 
and  Mineral  Point  districts. 

On  the  north-west  of  the  District,  the  locality  where  the  upper  mag* 
nesian  limestone  disappears  from  the  surface  beneath  the  superior 
strata,  is  not  far  from  Red  Rock,  between  the  mouth  of  the  St.  Croix 
and  Carver's  Cave ;  thence  the  soft  white  sandstone,  and  fossiliferous 
limestones,  which  crown  the  hills  near  the  month  of  the  Wisconsin^ 
again  set  in,  and  constitute  the  sections  below  St.  Paul's,  at  Cary^er's 
Cave,  Fort  Snelling,  and  the  intervening  bluffs  on  both  sides  of  the 
Mississippi,  all  the  way  to  the  Falls  of  St.  Anthony,  where  the  waters 
of  that  stream  shoot  down  an  inclined  plane  of  the  fossiliferous  lime- 
stone, and  then  precipitate  themselves  over  ledges  of  the  same  rock, 
which  overhang  the  underlying,  crumbling,  soft,  white  sandstone; 
making,  in  all,  a  perpendicular  cascade  of  sixteen  feet. 

Three  miles  above  the  Falls,  the  protozoic  rocks  are  lost  to  view 
under  superincumbent  beds  of  drift ;  but  they  can  be  traced  up  the 
ralley  of  the  Minesota,  as  high  as  the  confluence  of  the  Waraju  River. 

For  a  distance  of  nearly  seventy  miles,  in  a  direct  line,  and  more 
than  eighty  miles  by  the  course  of  the  river,  no  underlying  rocks  are 
seen  unequivocally  in  place ;  but,  at  some  of  the  intervening  rapids, 
huge  masses  of  granitic  rocks  rest  on  the  bed  of  the  river,  which, 
though  they  appear  like  large  erratics,  are  probably  either  in  place,  or 
not  far  removed  from  the  parent  rock. 

At  Osakis  Rapids,  and  in  the  vicinity  of  Little  Rock,  chains  of  crys- 
talline rocks  cross  the  Mississippi,  in  low  ranges,  with  a  north-easterly 
bearing,  succeeded  by  crystalline  schists,  exposed,  at  intervals,  for  a 
few  miles,  on  Eaiife  Rapids. 

These  limited  exposures  of  igneous  rocks,  and  metamorphic  slates, 
together  with  a  ridge  of  quartzite,  forming  Esconaby  bights,  (which 
Dr.  Norwood  found,)  crossing  the  Mississippi  at  the  FaUs  of  Pokego* 
ma,  about  two  hundred  and  fifty  miles  still  higher  up,  are  the  only 
exposures  of  solid  rocks  which  occur  on  this  river,  from  the  Falls  of 
St.  Anthony  to  its  extreme  sources. 

Similar  partial  protrusions  of  crystalline  and  trappean  rocks  show 
themselves,  occasionally,  at  distant  intervals,  crossing  the  eastern  tribu- 
taries of  the  Mississippi,  north  and  east  of  the  boundaries  assigned  to 
the  lowest  sedimentary  strata  west  of  the  Mississippi ;  but  the  whole 
interior  of  Wisconsin  and  Minesota,  from  the  eastern  confines  of  these 
strata  to  the  sources  of  the  Mississippi,  and  the  heads  of  its  eastern 
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branches,  may  be  described  as  a  vast  region  overspread  with  drift,  of 
fine  and  coarse  materials,  which  reach  even  to  the  summit-levels,  and 
conceal  from  view,  except  over  very  limited  areas,  the  platform  of 
igneous  and  metamorphic  rocks,  on  which  it  reposes. 

A  continuation  of  analogous  transported  materials, — in  which, 
however,  trappean  bowlders  are,  probably,  more  abundant, — can  be 
traced  in  the  descent  toward  the  basin  of  Lake  Superior,  where  they 
appear  in  a  succession  of  terraces,  overlying,  and  partially  hiding,  both 
stratified  and  metamorphic  strata,  as  well  as  crystalline  and  intrusive 
rocks,  belonging  to  different  geological  epochs. 

Here  the  underlying  formations  are  more  frequently  to  be  seen; 
still  they  show  themselves  only  in  narrow  ranges,  which,  for  the  most 
part,  appear  at  intervals,  being  continuous  only  for  about  twenty  or 
thirty  miles,  as  they  pursue  a  south-westerly  curve,  between  the  Mon- 
treal river  and  the  Maringonin  Fork  of  Bad  river :  while  beyond  this, 
toward  the  Brul6  and  Fond  du  Lac,  these  formations  penetrate  the 
drift  only  at  a  few  isolated  and  distant  localities.  They  usually  succeed 
each  other  in  the  following  order,  from  the  summit-levels,  toward  Lake 
Superior :  —  Granite  and  quartzoze  rocks ;  metamorphic  slates ;  blaek, 
red,  and  green-stone  traps. 

Extensive  plains  of  red  clay  stretch  between  the  igneous  ranges  and 
the  lake,  at  a  lower  level  than  the  coarser  drift,  and  rest,  unconforma- 
bly,  upon  the  red  sandstones  and  shales,  which  they  conceal,  except  at 
the  prominent  rocky  shores ;  so  that,  for  many  miles,  even  the  coast 
sections,  in  the  bays  and  receding  shores,  are  mostly  composed  of  those 
red  clays  and  marls. 

In  Wisconsin,  a  very  limited  area,  indeed,  of  this  region  of  drift, 
intersected  by  igneous  ranges,  and  outcrops  of  red  sandstone  and  con- 
glomerate, can  be  regarded  as  a  mineral  district.  The  present  actual 
discoveries  of  ore  may  be  said  to  be  confined  to  a  narrow,  wedge- 
shaped  belt  of  country,  nmning,  in  a  south-westerly  curve,  from  Mon- 
treal river,  toward  the  Middle  Fork  of  Bad  river,  hardly  exceeding, 
at  its  broadest  part,  ten  or  twelve  miles,  and  to  a  few  isolated  protru- 
sions of  trap,  seen,  at  distant  points,  as  far  as  the  west  end  of  the 
Lakes ;  and  that  portion  affording  copper  ores,  which  may  be  said  to 
cover  only  the  ranges  of  black  and  red  trap,  will  average  less  than  the 
fifth  part  of  this  width ;  since  the  belt  of  metamorphic  slates,  bearing 
the  magnetic  iron,  is  more  extensive  than  the  copper  coimtry  north 
of  it. 

Even  over  this  circumscribed  district,  the  superficial  indications  of 
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copper  ores  in  Wisconsin,  between  the  Montreal  and  Bnil6  rivers,  are, 
on  the  whole,  unfavorable  to  profitable  mining,  for  reasons  given  in  the 
special  report,  of  the  ''South  Shore,"  and  which  will  be  found  more 
fully  explained  and  discussed  in  Col.  Whittlesey's  report. 

Every  location  made  by  explorers  and  mining  companies  in  the  Chip- 
pewa Land  District,  on  the  waters  of  the  Montreal,  Bad,  and  Brul6, 
has  been  finally  abandoned ;  the  metal  not  having  been  found  in  regu- 
lar veins,  but  only  sparingly  scattered  through  trap  and  amygdaloid : 
the  former  being,  usually  compact,  hard,  and  expensive  to  work,  and 
never  extends  any  great  distance  into  the  adjacent  conglomerate  and 
amygdaloid. 

Toward  the  west  end  of  the  lake,  where  the  trap  ranges  cross  the 
Poplar,  the  Aminecan,  and  Black  river,  a  small  tributary  of  Left-Hand 
river,  the  prospects  for  profitable  mining  are  somewhat  more  favorable , 
still,  even  there,  all  mining  operations  have  been,  for  the  present; 
discontinued. 

On  the  North  shore  of  Lake  Superior,  in  Minnesota,  between  Fond 
da  Lac  and  the  British  possessions,  we  have  a  repetition,  in  an  inverse 
order,  of  the  same  formations  that  qxist  on  the  south  shore,  in  Wiscon- 
sin, but  far  more  complicated  in  their  details,  since  the  eruptions  of 
trap  and  other  intrusive  rocks,  have  been  much  more  frequent  and 
energetic,  the  disturbance  consequently  greater,  and  the  metamorphism 
of  the  sedimentary  strata  proportionately  increased  :  so  that  in  some 
instances  it  will  defy  the  skill  of  the  most  experienced  geologist,  to 
decide  whether  certain  rocks  were  originally  sedimentary  or  igneous ; 
and  this  decision  becomes  more  puzzling,  since  there  are  frequent 
instances  both  of  overlying  and  tabular  trap,  and  even  alternations  of 
the  same  rock  conformable  to  the  stratification  of  deposits  of  aqueous 
origin.  The  descriptive  details  of  this  interesting  region  will  be  fully 
given  in  Dr.  Norwood's  report,  whose  special  duty  it  was  to  survey  this 
portion  of  Minesota. 

As  already  observed,  there  is  on  the  north  shore  of  the  lake  a  repe- 
tition of  the  formations,  in  an  inverse  order  to  that  which  is  found  on 
the  south  shore.  This,  however,  is  only  in  a  geographical  sense ;  for 
relatively  to  the  lake  they  are  in  the  same  order,  because  the  red 
sandstones  which  make  the  coast  sections  of  the  south  shore,  produce 
a  synclinal  axis  in  the  bed  of  the  lake,  and  reappear  on  the  north  shore, 
where  they  constitute,  as  before,  the  coast  sections ;  while  the  slates, 
conglomerates,  and  associate  traps,  are  crossed  in  succession  as  you 
proceed  into  the  interior,  followed  by  the  metamorphic  slates  and  gra- 
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nitic  rocks ;  which  latter  formations  prevail  again  toward  ihe  summit 
levels,  form  the  ranges  of  hills  and  numerous  islands,  traversing, 
intersecting,  dotting,  and  inclosing  the  innumerable  lakes  and  swamps 
that  abound  throughout  the  so-called  "  region  of  rocks  and  water/* 
that  skirts  the  northern  confines  of  the  United  States  as  far  as  Lake  of 
the  Woods. 

The  evidence  of  the  ocurrence  of  regular  mineral  veins  on  the  north 
shore  is  more  frequent,  and  the  symptoms  of  their  metalliferous  cha- 
racter are  more  favorable  than  on  the  Wisconsin  shore ;  the  area 
occupied  by  the  trap  is  of  considerably  greater  extent. 

The  geologist  is  here,  however,  not  ^ed  in  his  inferences  by  the 
discoveries  and  observations  of  the  pioneer  miner ;  for  the  country  is, 
as  yet,  inhabited  by  the  Indian,  and  its  geology  and  mineralogy  were 
unknown  until  the  partial  explorations  made  during  the  second  year  of 
this  survey,  in  the  summer  of  1848,  and  the  more  detailed  one  of 
1849.  Conclusions  have,  therefore,  to  be  drawn  from  superficial  indi- 
cations, and  geological  and  mineralogical  analogies,  aided  only  by  the 
few  facts  obtained  at  a  single  location,  situated  beyond  the  possessions 
of  the  United  States,  where  some^  mining  operations  have  been  o<Hn- 
menced  at  Prince's  bay  and  the  adjacent  island.  All  of  which  prove  at 
least  the  existence  of  occasional  mineral  veins,  bearing  copper,  asso- 
ciated with  small  quantities  of  gold,  silver,  cobalt,  zinc,  lead  and  iron* 

It  is  not  at  all  improbable  that  metallic  veins,  even  of  the  precious 
metals,  may  hereafter  be  discovered  in  connection  with  the  numerooa 
quartz  veins,  which  have  been  observed  to  be  widely  distributed 
through  the  crystalline  and  metamorphic  formations  that  have  an 
extensive  range  along  the  northern  confines  of  the  United  States, 
especially  since  discoveries  of  gold  are  being  made  in  Canada,  in  simi- 
lar geological  positions. 

The  time  allotted  for  this  survey  did  not  admit  of  any  thing  more 
than  a  mere  reconnoissance  of  that  district,  no  detailed  examinations 
having  been  made  of  this  northern  country,  excepting  along  the  water 
shed  bordering  the  lake. 

Drift  deposits,  similar  in  character  to  those  in  Wisconsin,  south  of 
Lake  Superior,  occur  also  in  Minnesota,  north  of  the  Lake ;  but  the 
underlying  rocks  are  not  so  generally  concealed  by  ^em,  partly  on 
account  of  their  greater  elevation.  This,  however,  is  only  true  of  the 
most  northerly  regions ;  for  around  the  sources  of  the  Mississippi  and 
Red  River  of  the  North,  the  surface  covered  by  the  finer  siliceous  and 
argillaceous  drift  is  very  extensive — bdeed,  almost  universal. 
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Further  north-west,  along  the  valley  of  Red  River  of  the  North,  the 
drift  rests  on  the  magnesian  limestones  of  the  Silurian  epoch,  judging 
from  the  few  out-crops  which  have  been  discovered  during  the  survey. 
These  occur  at  the  great  bend  of  Red  river,  in  latitude  46°  13' ;  at 
Port  Garry,  in  latitude  &0^  7'  37",  and  on  the  east  shore  of  Great 
Lake  Winnepeg,  in  latitude  50°  32'.  A  range  of  the  same  kind  of 
Mmestone  was  observed  crossing  Rainy  river,  in  latitude  48°  45'  54", 
and  loose  fragments  were  also  found  in  the  debris  of  the  shores  of 
Otter  Tail  Lake,  and  at  other  localities  near  the  sources  of  Red  river. 

Over  this  region  of  country,  and  to  a  great  extent  around  the  sources 
of  the  Mississippi,  the  coarse  bowlder  drift  is  less  abundant  than  it  is 
further  north  and  north-east,  near  the  boundary  line  of  the  United 
States,  and  on  the  summit  levek  inclosing  the  basin  of  Lake  Superior, 
while  the  finer  drift  materials,  such  as  sand,  gravel,  ash  and  buff- 
colored  clays,  and  marly  earths,  predominate. 

*'  The  terrace  of  high  land,  bordering  the  plains  of  Red  river  on  the 
west,  and  known  as  Pembina  mountain,  in  latitude  48°  55\  is  com- 
posed of  incoherent  sand,  gravel,  and  shingle,  forming  a  table-land, 
elevated  about  150  feet  above  the  general  surfieice  of  the  plains.  This 
terrace  is  probably  only  the  northern  prolongation  of  the  Plateau  du 
Goteau  des  Prairies. 

Along  the  western  confines  of  the  Dubuque  district,  in  Iowa,  to 
wit :  along  the  valley  of  Red  Cedar  river,  the  upper  magnesian  lime- 
stone is  succeeded  by  a  calcareous  formation  of  a  more  recent  geologi- 
cal epoch,  which  corresponds  to  the  Devonian  system  of  Europe.  This 
latter  group  of  rocks  has  been  traced  along  this  river,  nearly  from  its 
source  to  within  a  short  distance  of  its  confluence  with  the  Iowa  river, 
Ti«  :  from  latitude  41°  20'  to  43°  10'.  No  where,  within  this  distance, 
do  any  of  its  beds  present  the  appearance  of  being  being  metalliferous. 

The  formation  in  question  has  been  found  to  extend  west  to  the  Iowa 
river,  being  exposed  on  that  river  for  a  distance  of  twelve  miles  above 
Iowa  CSty.  In  the  northern  part  of  Johnson  county,  on  section  28, 
township  81,  north,  range  7  west  of  the  fifth  principal  meridian,  is  the 
last  exposure  of  limestone  referable  to  this  system,  in  ascending  the 
Iowa  river.  From  Iowa  City  this  formation  extends  a  little  south  of 
east  toward  the  Missbsippi,  in  a  zone  about  thirty  miles  in  width,  where 
Dr.  Shumard  traced  ite  limits  from  a  little  below  Parkhurst  to  near 
Wyoming. 

On  section  29,  township  81,  north,  range  8  west  of  the  fifth  principal 
meridian*  not  fiur  from  the  line  between  Johnson  and  Iowa  counties,  an 
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uplift  of  Carboniferous  sandstone  is  encountered.  This  is  probably 
near  the  eastern  limit  of  the  Des  Moines  coal  field,  though  the  Carbon- 
iferous limestone  extends  a  little  further :  to  the  dividing  ridge  between 
the  Iowa  and  Red  Cedar  rivers.  From  this  point,  the  boundary  line 
bears  off  north-west  by  the  comer  of  Iowa  county,  and  south  through 
Johnson  county.  Carboniferous  rocks  appear  at  intervals  on  the  Iowa 
river,  as  high  as  latitude  42°  30',  where  they  are  finally  lost  to  view 
under  an  extensive  superficial  drift. 

The  Iowa  river  meanders  near  the  eastern  margin  of  this  coal  field, 
so  that  it  is  only  at  a  few  points  high  up  on  this  stream,  in  and  near 
the  Big  Woods  between  latitude  42°  and  42°  30',  that  any  seams  of 
coal  present  themselves  to  view  near  the  river ;  and  these  are  of  infe- 
rior quality.  But  it  is  not  improbable  that  coal  might  be  discovered  in 
the  western  part  of  Johnson  and  Iowa  counties. 

Just  below  the  entrance  to  the  Big  Woods,  there  are  ledges  of  mag- 
nesian  limestone  exposed,  which  have  much  the  lithological  aspect  of 
the  lead-bearing  rocks  of  the  Dubuque  district  of  Iowa ;  these  appear, 
however,  to  belong  to  a  different  system,  and  to  be  intercalated  beds 
of  Carboniferous  limestone.  From  this  fact,  as  well  as  from  the  general 
appearance  of  the  country,  and  its  levelness,  the  absence  of  important 
axes  of  disturbance,  and  from  the  rocks  in  question  being  of  little 
thickness,  it  is  hardly  likely  that  they  will  prove  to  be  productive  in 
lead  ore. 

From  the  Iowa  river,  as  has  been  Already  said,  the  Carboniferous 
rocks  have  a  southerly  bearing,  sweeping  off  toward  the  Mississippi, 
through  Johnson,  Washington,  Louisa,  Henry,  Des  Moines,  and  Lee 
counties,  so  that  on  the  Des  Moines  river,  the  south-eastern  margin  of 
the  upper  series  of  Carboniferous  limestone  crosses  that  stream,  not  hr 
from  the  Missouri  line,  and  distant  from  the  Mississippi,  in  a  direct 
course,  only  about  ten  miles.*  From  this  point  along  the  course  of 
Des  Moines  river,  up  to  latitude  42°  33',  i.  e. — ^ye  or  six  miles  bey<md 
its  Lizard  Fork,  the  Carboniferous  rocks  extend  without  interruption, 
so  that  in  the  direction  of  the  valley  of  the  Des  Moines,  it  is  upwards 
of  two  hundred  miles  across  this  great  coal  field.  Westwardly,  it 
extends  from  Des  Moines  river  nearly  across  the  State  of  Iowa,  and 
includes  a  considerable  portion  of  Idissouri.  The  entire  area  of  this 
coal  field  in  Iowa  alone,  can  not  be  less  than  twenty  thousand  square 
miles,  and  the  portion  situated  in  the  State  of  Missouri,  about  fifteen 

•  There  are  a  few  outliers  a  little  east  and  south  of  this  line. 
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thousand  square  miles — in  all,  embracing  a  country  nearly  equal  in 
extent  to  the  State  of  Indiana. 

The  boundary  line  of  this  coal  field,  after  crossing  the  Des  Moines, 
bears  nearly  south  into  the  State  of  Missouri,  through  Clark,  Lewis, 
and  Marion  counties,  to  near  the  junction  of  ^hree  forks  of  Salt  river  ; 
thence  through  the  western  part  of  Ralls  county,  on  toward  the 
head  waters  of  the  Riviere  au  Cuivre,  in  the  eastern  part  of  Audrain 
county,  and  north-west  comer  of  Montgomery  coimty,  when  it  bears 
in  a  south-easterly  curve  through  Calloway  toward  the  Missouri  river, 
which  it  crosses  near  its  confluence  with  the  Osage  ;  leaving  a  belt  of 
country  of  about  ninety  miles  in  width,  between  the  coal  region  and 
the  out-crops  at  Charbonniere,  and  the  coal  pits  worked  on  the  Riviere 
des  P^res,  in  St.  Louis  county  ;  which,  in  fact,  are  outliers  of  the  Illi- 
nois coal  field.  From  the  Missouri  river,  the  boundary  of  this  same 
coal  field  bears  with  a  westerly  curve  up  the  valley  of  the  Osage,  on 
the  north  side,  and  crossing  that  stream  only  for  a  very  limited  distance 
at  three  points,  to  wit :  in  Camden  county,  near  the  mouth  of  Nian- 
qua ;  in  St.  Clair  county,  near  the  mouth  of  Sac  river ;  in  Bates  county, 
near  the  confluence  of  the  Little  Osage.  Thence  the  line  bears  with 
a  north-easterly  curve,  toward  the  western  confines  of  Fayette,  recross- 
ing  the  Missouri  at  Wellington  ;  thence  up  the  valley  of  the  Missouri, 
toward  the  narrows  of  the  Nishnebotna,  keeping  from  ten  to  twenty - 
five  miles  east  of  the  Missouri,  where  the  coal  measures,  however, 
only  occupy  the  more  elevated  ground  ;  thence  in  a  course  a  little  east 
of  north,  up  the  valley  of  the  Nishnebotna  toward  the  head  waters  of 
the  Three  Rivers ;  thence  in  nearly  the  same  course  toward  the  Lizard 
Fork  of  the  Des  Moines. 

Though  of  so  great  an  area,  this  western  coal  field  is  compara- 
tively shallow  in  Iowa*,  probably  hardly  exceeding  fifty  fathoms  in 
thickness. 

It  consists  of  three  well-marked  divisions — a  lower  calcareous,  a 
middle  argillaceous,  and  an  upper  silicious.  The  lower  division  on 
the  Des  Moines,  may  be  about  one  hundred  feet ;  the  middle  from  fifty 
to  seventy-five  or  one  hundred  feet,  and  the  upper  from  eighty  to  one 
hundred  or  one  hundred  and  twenty-five  feet.  The  beds  of  coal  at 
present  discovered  are  confined  to  the  middle  division,  so  that  the 
extent  of  the  measures  affording  coal  in  Iowa,  is  probably  confined  to 

*  It  is  probably  thicker  in  Minouri. 
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a  vertical  thickness  of  less  than  one  hundred  feet.  The  thickest  coal 
bank  that  has  yet  come  under  my  observation  in  Iowa,  is  ft*om  four  to 
five  feet.  Much  thicker  beds  are,  however,  known  in  Missouri,  near 
the  south-west  margin  of  the  same  coal  field. 

Along  the  whole  line  of  the  valley  of  the  Des  Moines,  the  beds  of 
Carboniferous  rocks  appear  to  have  been  subjected  to  repeated  slight 
dislocations,  or  faults,  by  which  the  strata  have  been  alternately  ele- 
vated and  depressed,  so  that  the  inferior  Calcareous,  and  even  the 
middle  division,  after  being  carried  by  the  dip  quite  out  of  view 
underneath  the  water  courses,  are  again  and  again  thrust  up,  forming 
a  series  of  step-hke  protrusions,  often  abrupt,  yet  without  tilting  the 
strata  much  from  the  horizontal  position  of  their  bedding. 

With  regard  to  the  quality  of  the  Iowa  coal,  it  is  difficult  to  form  a 
correct  opinion,  because  so  few  of  the  coal  banks  have  been  worked 
into,  or  even  stripped  of  disintegrated  rubbish,  and  because,  at  many 
localities,  the  beds,  by  reason  of  slides  down  the  face  of  the  shaly 
banks,  often  conceal  a  part,  or  even  the  whole  of  the  out-crop  ;  so  far, 
however,  as  I  can  judge  from  the  collections  that  I  have  been  able  to 
make,  I  consider  the  quality  rather  below  the  average  of  the  coals  of 
the  valley  of  the  Ohio. 

Too  frequently,  the  seams  are  impregnated  with  pyritiferous  shaly 
matter,  which  effloresces  on  the  exposed  surface  in  the  form  of  sul  - 
phate  of  iron  or  copperas.  Still,  the  descriptive  details  to  be  embo- 
died elsewhere  in  the  present  report,  will  indicate  a  few  fair  samples  of 
coal,  and  doubtless  future  search  will  develop  others,  while  many  of 
the  seams  which  at  their  out-crop  are  unpromising,  may,  on  being 
worked  into,  improve  in  quality. 

If  sufficient  time  be  allowed  for  a  chemical  investigation  into  their 
qualities,  it  is  proposed,  for  the  benefit  of  the  settlers  in  Iowa,  to  sub- 
ject to  a  rigid  chemical  analysis,  specimens  selected  from  those  beds 
which  have  a  sufficient  thickness  to  justify  experimental  mining  opera- 
tions, with  a  view  to  test  their  commercial  value. 

The  middle  division  of  this  coal  field  affords  also,  at  many  localities, 
iron  stones  of  various  qualities,  associated  frequently  with  hydraulie 
calcareous  cement,  which  occurs  either  in  the  form  of  disconneoted 
septaria  or  regular  beds.  In  the  same  geological  position,  at  many 
localities,  crystalized  selenite  has  been  observed,  which  accumulates 
in  quantity  high  up  on  the  Des  Moines ;  and  finally,  a  few  miles  below 
its  Lizard  Fork,  that  mineral  expands  itself  into  heavy  beds  of  gyp- 
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flitfn,  wluch  «k0if  thenMelyea  on  both  ades  of  tho  river  for  tfao  diBtaAce 
of  about  Ifaree  mika,  eitpoaed  in  borisolit»l  jhe4j9,  witb  (i  thidpieM  of 
from  twenty  ip  4baity  feet. 

The  iron-stone  occurs,  sometimes^  in  the  form  of  coneretioaiuy 
nodoiesy  WDmetSfofifl  if^  e<#jtii|uo«a  bands  of  several  i&chets  p^  t]^ickness, 
kuterstratified  in  tiiie  s^iales.  In  the  diB|>ter  of  the  report  emb^fu^ing 
the  detailed  descriptions  of  the  CarboiMf^ous  rocks  of  Iowa,  will  be 
fo^nd  the  analysis  of  some  of  titie^e  iron  ores,  together  with  other  more 
preoiae  information  regarding  the^i. 

On  Soap  creek  ^  i^  branches,  m  Davis  connty,  where  the  middle 
diviaon  (^  the  coal  series  prevails,  there  are  several  salt  springs,  which 
were  tested  qualitatively  <hi  tl^e  spat,  and  found  to  contain  a  portion 
of  ohloride  of  sodBmn.  !the  amount  of  the  prec^tated  chloride  of 
ailver,  as  well  as  the  taste'  of  the  water,  indicated,  however,  (mly  a 
weak  brine.  By  boring,  a  stronger  w^r  might  possibly  be  obtained. 
Neverthdess,  the  shallowness  of  tiiese  coal  measures,  the  freifuent 
rupture  of  the  strata,  and  consequent  local  reversion  of  the  dip; 
together  with  the  &ct  of  the  lowest  divisi^  .being  composed  chiefly  of 
limestone,  in  place  of  sandstone,  are  un&yorable  mdicatiQO/9  of  the 
existence  of  a  pl^tifi^  supply  of  deep-seated  brine,  or  of  n^sts  of  salt, 
whence  the  peiweaUng  waters  might  become  .saturated,  and  cany  the 
saline  matter  to  the  smface. 

All  along  t^^  eaa^rn  margin  of  the  Illinois  imd  Indiana  coal-field, 
as  well  aa  the  we^tc^  >pargin  of  thf^  portion  of  the  siune  basin  which 
atretchea  through. Oluo,  Kentucky,  and  Tennessee,  where  productive 
salt  works  have  bee^  estabUahed,  the  base  of  the  coal  formation,  down 
to  tibie  archimedes,  penibremitd  ain^  ooHtic l^imestcmeg  is  arenaceous; 
Mi,  the  borijngs  for  aalt  w^ter,  at  these  localities,  hfkv.e  uniformly  been 
carried  .through. porous  ^aud  oellu^  flta^4^<;^es<  wil^  vegetaUe  im- 
presaiona.  The  lower  members  9f  ihe  Iowa  coal'^^eld^  as  has  been 
already  stated,  consist  chiefly  of  calcareous  rocks,  especially  around 
the  aouthem  Mid  western  margin  of  ttiis  baain,  09  the  Des  Moines  fmd 
Ifissotiri  rivers.  In  this  respect,  the  Iowa  coal  measures  differ,  essen- 
tially, from  those  of  Ohio,  Virginia,  iE^entudky,  and  Jndiana.  This 
laet  aerves  to  clear  up  a. difficulty  whioh  has,  hitherto,  existed,  with 
regard  to  the  true  geologieal  position  of  certain  limestones  in  tlie 
Ticmity  of  St.  LouiB»  which  can  now  be  ^hown  to  form  that  pcftion  of 
the  carboniferous  limestone,  which  is  known  in  Yorkshire  as  ^e  Upper 
or  Yordale  series  of  the  carboniferous  limestone  of  England. 

The  IGssissippi  river,  from  the  mouth  of  the  Iowa  to  that  of  the 
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Des  Moines,  flows  over  beds  of  sub-carboniferoiifl  Kmestone,  which 
here  forms  a  belt,  about  thirty  miles  wide,  in  the  depressed  portion 
of  the  Mississippi  Valley,  in  which  no  seams  of  coal  bare  yet  been 
detected.* 

The  bend  of  the  Mississippi,  north  of  this,  ents  into  the  noiih- 
western  margin  of  the  Illinois  coal-field,  as  it  sweeps  around  by 
Muscatine,  from  the  month  of  Rock  river  to  near  the  Iowa.  Ilere  the 
zone  of  sub-carboniferous  limestone  is  almost,  if  not  entirely  lost,  and 
the  coal-measures  abut  directly  on  the  Red  Oeda^,  and  magnesian 
limestones,  of  the  age  of  the  Devonian  and  Upper  Siluriim  periods. 
South  of  the  Des  Moines,  the  sub-carboniferous  limestone  extends  on 
the  Mississippi,  as  far  as  Quincy  and  Hannibal. 

Twelve  or  thirteen  miles  west  of  the  Mississippi,  in  Pibe  county,  on 
a  small  stream  known  as  Zeno  creek,  a  low,  narrow  range  of  lime- 
stones, with  a  south-west  bearing,  suddenly  appeat9>  possessing  the 
same  characters  as  the  rocks  on  Turkey  river,  in  Iowa,  which  can  be 
shown,  by  the  organic  remains,  to  be  contemporaneous  with  Ae 
Trenton  limestone  of  New  York'. 

It  is  not  yet  positively  known  whether  these  protozoic  rocks,  in  iSieir 
northerly  extension,  cross  the  Mississippi  into  Illinois,  but  they  bear 
south  toward  the  Missouri,  which  they  cross  in  Franldin  and  Gasconade 
counties. 

At  a  point  on  that  river,  in  Franklin  county,  which  was  called,  by 
Lewib  and  Clark,  '<  Tavern  Rock,"  there  are  high  bluffs,  some  of 
which  are  highly  magnesian,  resting  on  sandstone.  Here,  at  a  hight 
of  two  hundred  and  forty  feet  above  the  river.  Dr.  Shumaird  and 
myself  found  light  gray,  buff,  and  bluish  beds  of  limestone,  similar, 
in  lithological  character,  to  the  fossiKferoos  beds  at  die  'Falls  of  St. 
Anthony,^  and  containing  many  of  the  same  fossils,  seven  or  eight 
species  of  which  are  identical  with  those  found  in  hills  and  ravines 
surrounding  Cincinnati. 

It  is  not  improbable  that  this  jfbrmation  is  accompanied  by  a  ^a^row 
zone  of  pure  limestones,  like  tho^e  near  the  head  of  the  Falls  of  Ohio, 
at  Louisville,  since  we  detected,  on  the  opposite  side  of  the  Missouri, 
in  Calloway  county,  rocks  of  this  character,  containing  several  of  ^e 
charabteristic  fossils  of  that  geological  period. 

If  the  formation  of  Zeno  cteek,  Tavern  Rock,  -and  €ktfoonade  county, 

*  An  eiffhtecn  Indi  seun  of  coal  ocean  a  ftw  adits  Ponth-Vesl  of  Keoknk;  but  it 
occoA  high  In  Ae  Uufls,  abova  these  limeatonea^  and  is  merely  an  outlier  of  tha  Des 
Moinea  coal-field. 
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crosses  the  Mississippi  above  Savannah,  then  there  is  a  short  inter- 
jtiptioo  of  the  carboniferous  limestone  on  that  stream,  near  the  moutii 
of  SaU  river,  in  Pike  or  Ralls  county,  which,  otherwise,  occupies  the 
whole  immediate  valley  of  the  Mississippi,  from  beyond  the  mouth  of 
the  Iowa  to  near  the  mouth  of  the  Ohio. 

At  the  abrupt  belid  of  the  Mississippi,  where  it  unites  with  the  Mis- 
souri, ihat  river  has  worn  its  channel  through  the  western  outliers  <d 
the  niinob  ooal-field  into  the  upper  series  of  carbonifnous  limestone, 
whidi  just  underlies  ^e  lowest  workable  seam  of  that  coal-field,  and 
which  corresponds,  in  age,  to  the  northern  type  of  upper  limestone, 
described  in  Phillips'  Gec^ogy,  (of  ToriLshire,)  as  the  Yordale  Series 
of  Carbosiiferous  Limestone. 

An  inspeotiini  of  the  map  of  Iowa  will  show  a  peculiar  feaiure  in  its 
physical  geogt«phj.  The  two  rivers,  Wi^sipinicon  and  Bed  Cedar, 
flow,  for  a  great  part  of  their  course,  nearly  parallel  to  each  other,  in 
a  south-easterly  direction,  and  not  very  far  apart.  As  they  iqiproaoh 
the  Ifississippi,  however,  they  suddenly  diverge ;  the  Red  Cedar  run- 
■ing  to  the  west  of  aouth,  and  the  Wapsipinioon  to  the  east  This 
deflection  takes  place  around  the  north-western  mairgin  of  the  great 
Illinois  coal-field,  where  there  is  aa  abrupt  chai^e-^boCh  in  the  geny 
logical  fonnation,  soil,  vegetatkm,  and  even  climate, — ^and  where,  as 
wfll  appear  hereafler,  there  aie  sudden  depressioBfi  and  elevations  <tf 
4fae  strata. 

That  portion  of  th€  Slate  of  Iowa  whicb  Ues  north  of  latitude  42^ 
90"  and  west  of  longitude  9Z^,  or  92^  SO'  is  entirely  composed  of  drift 
of  sand,  graviel,  aiid  bowlders,  of  moderate  sise.  Here  the  face  of  the 
country  presents  a  multitude  of  low,  detadied  knolLi,  surrounded  by 
wet  morasses.  The  drift  deposits  extend  even  to  ike  sunmiits  of  these 
knolls.  The  Soux  country,  north  of  the  Sti^  Ime,  and  west  of  the 
aame  k>ngitude,  embracing  the  lands  lying  on  the  heads  of  iht  Iowa 
mad  eattttii  branch  of  the  Des  Moines,  aj^eur  to  be  similarly  consti- 
tuted. Near  Minesota  river,  outcrops  of  lower  protosoic  strata  are 
occasionally  visible  in  the  cots  of  the  streams  ;  but,  even  here,  the  soil 
of  the  higher  ground  rests  on  drift  deposits,  ezteudii^  nearly  down  to 
the  water-courses.  Higher  up,  on  Minedota  river,  jiesir  the  conflneliee 
of  Waraju  creek,  crystalline  rocks  sfucceed  the  protosofe  strata ;  but 
here,  too,  the  drift  prevails,  so  that  the  granitic  rodcs  ave  oftly  aooet- 
aftk  to,  or  ift  the  immediate  bed  of,  the  river. 

Budi  are  the  gene^  boundaries,  and  leadbj^  featarea,  of  the  great 
geokgicid  formationf  of  tiie  north-wesi. 
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8.  Ok  thx  Gausb  of  Saltpbtbb  Ezflosiohs.  By  GaoRoi  C.  Schaxfvsi^ 
Professor  of  Chemistry  and  Natural  Philosophy,  Centre  College, 
Danville,  Ky. 

Thb  disastrous  effects  of  the  great  fire  of  July,  1846,  at  New  York, 
called  the  attention  of  chemists  to  the  question  of  the  explosibility  of 
nitre — a  question  often  before  discussed,  but  never  with  such  serious 
ccnsequenees  dependent  upon  the  issue.  The  reputation  and  the 
fortune  of  the  members  of  a  firm  of  high  standing,  were  at  stake. 

The  opinion  generally  held  was,  that  large  quantities  of  gunpowder 
had  been  illegally  stored  in  the  building.  The  assertion  of  the  mem* 
bers  of  the  firm,  and  all  parties  engaged  in  their  establishment,  was, 
that  nothing  but  saltpetre  (to  the  amount  of  over  three  hundred 
thousand  pounds),  together  with  (Hdinary  combustible  merdiandise, 
was  contained  in  the  building. 

Hence  arose  two  questions :  first — ^was  gunpowder  present?  second — 
could  nitre  produce  such  effects  ?  The  first  of  these  was  answered  in 
the  negative,  and  that  most  unequivocally,  by  all  the  evidence.  The 
second  question,  as  a  matter  of  course,  was  referred  to  chemists. 

The  explosibility  of  nitre  was  maintained  on  the  ground  of  previous 
occurrences  of  similar  character,  and  upon  various  supposed  reactions, 
and  their  physical  consequences.  It  is  not  intended  to  enter  into  a 
discussion  of  these  proposed  solutions  of  the  question ;  but  it  may  be 
remarked  that,  in  almost  every  instance,  the  same  sort  of  reasoning 
would  i^ly  to  hundreds  of  articles  of  merchandise,  which  migki,  on 
such  principles,  be  considered  explosive. 

Actual  trial  to  produce  these  explosions  on  the  larjge  scale,  was  in  no 
case  attended  with  success. 

The  result  was  the  acquittal  of  the  parties  on  the  charge  of  storing 
gunpowder,  although  the  chemical  evidence  offered  was  at  best  ratber 
vague  and  contradictory. 

No  chemical  examination  of  the  copious  saline  efflorescence  found  in 
the  cellar  of  the  building  after  the  fire,  has  ever  been  published.  This 
substance  should  have  yielded  sulphurets  4xr  sulphaies,  in  eases  of 
large  quantities  of  powder.  The  writer  of  this  notioe  examined  this 
deposit,  without  obtaining  the  i^htest  trace  of  t^se  sails. 

Several  years  before  the  fire  of  1846,  the  writer  had  made  a  series 
4>f  experiments  upon  the  deflagration  of  nitre  in  the  combustible,  and 
these  proved  what  was  gathered  from  various  ant2io»«-«41ia4;  an  inqrar-* 
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taut  reaotion  took  place,  which  has,  however^  uerer  jct  be^n  hinted  at 
in  the  Tarious  ptd>li8hed  theories  of  these  ezpIosionB. 

The  dieovsaioii  of  the  question  at  an  earlier  date,  wonld  have  been 
impossible,  as  any^tendency  to  undo  the  reasomng  upon  which  the 
expksibilky  of  nitrfe  had  been  settled,  would  have  been  resented  as 
a  personal  attack  upon  parties  recentiy  interested  so  deeply. 

A  8uffi<nent  time  has  now  elapsed  to  obviate  all  such  unpleasant 
oonaequencee-^ioid  a  recent  publication  of  Dr.  Hare  has  again  called 
attentipn  to  the  subject.  The  scientific  interest  of  the  question  is  not 
diminiriiedi  while  its  commercial  relations  are  worthy  of  serious  con- 
aideration.  It  is  now  illegal,  in  some  places»  to  stcwe  saltpetre  in 
quantities  exceeding  three  hundred  pounds,  while  in  others  it  may  be 
stored,  and  even  burned,  as  recently  in  Philaddlphia,  without  violating 
law,  or  doing  damage. 

The  reaction,  above  mentioned  as  never  havii^  been  taken  into 
consideration  is  the  following :  Whenever  potash,  or  its  carbonate,  is 
heated  with  carbonaceous  matter  and  gaseous  nitrogen,  cyanide  of 
potasrium  is  formed.  In  this  way  Fownes  obtained  that  salt,  using 
perfectly  pure  materials,  while  its  formation  at  the  tongues  of  high 
fomaces  may  b^  eaq>]ained  in  the  same  way.  L.  Thompson  has  like* 
wise  proposed  a  mixture  of  dense  carbon,  carbonate  of  potash,  and 
uron  filings,  which,  heated  in  contact  with  the  air,  absorb  its  nitrogen 
and  form  cyanide— the  quantity  of  which  may  readily  be  estimated 
by  the  amount  of  Prussian  blue  furnished. 

Th(»np8on  also  says  that  a  mixture  of  coke  or  coal,  nitre  and  iron 
filings,  win  furnish,  on  deflagraticHk,  an  abundance  of  Prussian  blue. 

Berihi^  also  mentiois  that  the  deflagration  of  nitre  and  tartar,  par* 
ticularly  when  in  a  crucible,  will  always  furnish  some  cyanide. 

Thompson  notes  the  incre&sed  proportion  formed,  as  the  quantity 
of  materials  employed  is  increased,  and  likewise  the  influence  of  iron 
filings  in  favoring  reaction  at  a  lower  temperature. 

From  all  these  authorides,  and  from  the  evidence  of  numerous  ex- 
periments, we  can  not  avoid  the  conclusion  that  no  theory  of  nitre 
exj^sions  is  complete,  which  does  not  take  noUce  of  the  formation 
of  cyanide  of  potassiiikm.  - 

But  in  as  far  as  this  eompound  is  formed,  it  retains  all  the  nitrogen 
of  the  aallpetre,  and  even  as  carbon  is  taken  into  composition,  it  is 
very  evident  that  this  reaction  is  diunetrically  opposed  to  that  com- 
monly assigned,  vis :  the  sudden  evolution  of  all  the  nitrogen,  and  of 
enormous  quantities  of  carbonic  acid.    Indeed,  so  strikingly  diflfereni 
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would  be  the  results,  that  the  writer  for  a  long  time  donbted  the 
possibility  of  producing  an  explosion  of  nitre,  until  he  accidentally 
met  with  a  notice  of  the  fact  that  cyanide  of  potassium  would  deto- 
nate when  heated  with  nitre.  Here,  then,  is  a  solution  of  the  whole 
difficulty.  Oyanide  of  potassium  is  always  formed  during  the  defla- 
gration of  a  large  quantity  of  materials,  and  in  great  quantity  when 
finely  divided  iron  is  present ;  a  portion  of  melted  but  imdecomposed 
nitre,  coming  in  contact  with  salt,  would  produce  an  ezplosum  of 
terrific  energy. 

The  results  of  the  experiments  made  upon  the  subject,  are  the  fol- 
lowing: By  the  addition  of  iron  filings  to  the  deflagrating  mixture,  we 
may  always  insure  the  formation  of  cyanide,  even  when  but  a  few 
grains  (less  than  one  hundred)  are  used.  The  nature  of  the  organic 
matter  employed,  has  considerable  influence  on  the  result;  but  the 
yariations  are  too  numerous  to  be  detailed,  and  are  reserved  for  future 
stSidy. 

The  cyanide  of  potassium,  even  in  very  small  quantity,  when  laid  on 
melted  nitre,  may  be  made  to  detonate,  either  by  raising  the  tern-, 
perature,  or  by  the  presence  of  the  smallest  portion  of  an  incandescent 
body;  The  sharpness  of  this  detonation  is  very  remarkable,  and  if  we 
can  imagine  the  effects  increased  in  the  ratio  of  a  few  grains  to  a  few 
hundred  pounds,  it  would  seem  sufficient  to  account  for  all  the  dis- 
astrous effects  of  the  fire  of  1 845.  Yet  instead  of  hundreds,  it  is  not 
improbable  that  thousands  of  pounds  of  cyanide  were  fbrmed. 

There  is  only  one  difficulty  remainin^-^wiiat  were  the  circnmetonces 
at  this  fire,  which  favored  so  remarkably  the  formation  of  cyanide  of 
potassium  ?  The  presence  of  finely  divided  iron  would  answer  this 
question,  but  having  no  account  of  the  artii^les  present  in  the  building, 
there  remained  a  doubt,  until  it  was  recollected  that  the  kegs  supposed 
to  have  contained  powder,  were  in  reality  kegs  of  nafls. 

This,  then,  furnishes  the  beat  material,  in  its  best  form,  to  favOT  the 
formation  of  cyanide.  The  melted  nitre  falling  with  burning  matter, 
the  red  hot  nails  flowed  into  the  cellar,  and  at  least  in  portions  must 
have  been  converted  into  cyanide  of  potassium.  The  melted  nijtre 
from  above,  or  from  the  sides,  coming  in  contact  with  this,  would  be 
able  to  produce  an  explosion  of  most  fearful  enei^. 

If  this  reaeoning  prove  correct,  we  have  the  remarkable  result^  that 
iron,  hitherto  not  even  suspected  of  having  any  connectbn  with  the 
explosions,  is  a  most  dangerous  addition  to  the  deflagrating  matertals 
in  a  fire. 
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9.  CaiiiiCAi'  Acnov  of  Fsibls  CuBRBsra  ov  Elbctbicitt.    By  Dabibl 

It  i^  stated  by  Liehig,  Tbonfipsoii,  and  other  chemistQ,  that  watexi 
exposed  to  th^  fol^  %ht^  emits  oxygen,  ev^  after  it  has  l]|eeu  de- 
prived of  every  trace  of  microscopic  vegetation.  The  prodw^tion  of 
this  oxygen,  which  seems  to  be  evolved  almost  as  abundantly  in  these 
eases  as  it  is  when  plants  are  present,  they  ascribe  to  the  minute 
animals  which  the  water  contains.  I  repeated  the  experiments  by 
which  they  were  led  to  this  conclusion,  exposing  several  inverted  glass 
jars  filled  with  water,  to  the  solar  rays ;  and  I  observed  that  gas  was 
slowly  evolved  from  all,  and  collected  in  the  upper  part  of  the  j  ar. 
But  on  mixing  arsenic  and  other  poivonous  substances  with  the  water, 
no  effect  was  produced  in  the  rate  at  which  the  evolution  took  place, 
though  it  must  have  destroyed  the  animals  to  which  the  phenomena 
have  been  ascribed.  From  this  it  appears  that  the  presence  of  the 
oxjgen  does,  not  depend  on  animal  life,  and  it  evidenUy  results  from 
the  decomposition  of  the  carbonic  acid  which  the  water  always  absorbs 
firom  the  air. 

This  conclusion  I  confirmed,  by  exposing  to  the  open  air  two  plates 
of  clear  water,  impregnating  one  with  carbonic  acid  by  means  of  sugar 
in  a  state  of  fermentation.  A  vial  of  fermenting  sugar,  in  solution, 
▼as  placed  in  one  of  the  plates,  and  covered  with  a  vessel  of  interme- 
diate size,  which  caused  the  carbonic  acid  to  impregnate  the  water. 
After  a  few  days,  this  plate  contained  a  much  more  copious  deposit 
tlian  the  other,  thoi^g^  both  had  equal  opportunities  of  receiving  dust 
from  the  air.  The  excessive  deposit  must  therefore  arise  frqm  the 
decomposition  of  tiie  carbonic  acid.  Numerous  facts  prove  that  in  the 
sai^e  manner,  the  amount  of  this  gas  which  water  and  moist  surfaces 
ooBtinually  absorb  from  the  air,  is  decomposed,  and  serves  to  supply 
the  principal  part  of  die  humus  of  the  soil. 

This  decomposition  is  caused  by  the  action  of  light,  together  with  the 
electrical  disturbance  arising  from  the  formation  of  vapor.  It  appears 
that  carbonic  acid«  if  he^  dissolved  in  water,  yields  to  the  inost  feeble 
ounent  of  electricity.  When  wate|r  evaporates,  the  negative  state  of 
the  sQr(ac0,  aod  the  pos^ve  state  of  the  vapor,  causes  the  decomposi- 
tion of  this  acid*  the  oxygen  being  carried  a^ay  by  the  yapor«  and  the 
earbcHi  rjctained  by  the  surface  which  performs  the  office  of  the  negative 
eketrode*     The  carbpn  combines  with  thiS  elements  of  the  water,  in 
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accordance  with  the  well  known  tendency  which  elements  have  to  unite 
with  the  electrode  at  which  they  are  separated.  The  great  oMacle  to 
the  chemical  action  of  feeble  electric  currents,  proceeds  from  the  play 
of  affinity  in  the  elements,  resulting  from  decomposition ;  but  from  the 
indifference  of  carbon  for  oxygen  at  a  low  temperature,  this  causes  no 
impediment  in  the  present  instance.  It  is  for  k  similar  reason  that  the 
chemical  action  of  plants  is  exerted  almost  excluaiTely  on  compomids 
of  catbon. 


FOURTH  DAT:  THURSDAY,  MAY  8,  18M. 

(Afiemoon  Session,) 
The  Association  met  at  8  P.  M. — ^the  Prs6id£nt  in  tiie  Chidr. 
The  following  papers  were  presented : 
1.  On  the  Diffsrb5t  Systems  of  Elstatiok  which  Aate  oiveh  Cok- 

FIGURATIOK  TO  NoRTH  AMERICA,   WITH   AK  ATTEMPT  TX)  IdE*TIFT   THEM 

WITH  THOSE  OF  EuROPE.    By  J.  W.  FosTER  and  J.  D  WmthAt,  U.  S. 
Geologists  for  the  Land  District  of  Lake  Supetior. 

There  are  three  grand  systems  of  elevation  which  uppear  mainly  to 
have  determined  the  outlines  of  North  America. 

1.  The  first  we  denominate  the  Zdi^tf  Superior  System^  since  it  is 
developed  on  both  shores  of  that  Lake,  forming  the  **  dimHia  aqua- 
rum  "  between  Hudson's  Bay  and  the  valley  of  the  St.  Lawrence,  and 
between  the  river  systems  of  Lake  Superior  and  Lake  Michigan.  It 
extends  almost  uninterruptedly  from  the  coast  of  Labrador  to  the 
sources  of  the  Mississippi,  and  probably  beyond.  Its  direction  ia  a  few 
degrees  north  of  east,  and  south  of  west,  and  its  age  mliy  be  dated  as 
alxterior  to  the  dawn  of  the  ^urian  Epoch,  since  the  Potsdam  sandstone 
is  found  reposing  in  a  horizontal  position  upon  the  upturned  edges  of 
the  Azoic  slates,  or  occupying  the  pre-existing  depression^  in  the  gra- 
nite; These  granites  and  schists  formed  the  ancient  continent,  whoee 
culminating  points  in  the  Lake  Superior  district,  rose  not  more  than 
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ft  thousaitd  feet  ftb<yre  the  waters  of  the  Sluriiai  otetOk;  ad  evidenced 
by  the  sandstone  irhkh  reposes  at  its  base. 

It  IS  stretched  out  in  a  long  and  narrow  belt  of  Iftnd,  irith  here  and 
there  a  detaehed  island,  like  that  of  the  iron  region  of  Miiaoiari,  or 
that  ef  Carp  rirer.  Thus  it  will  appear  that  the  direction  oi  the 
smoient  land  was  east  and  west,  and  not  north  and  south,  as  is  gtoe- 
raUy  supposed.  ' 

2.  The  second  may  be  designated  as  the  Appalachian  Syitem,  which 
has  giren  configuration  to  the  eastern  slope  of  North  America.  Its 
elCTation  took  place  at  the  close  of  the  Carboniferous  epoch.  It  oom'» 
Inences  near  the  outlet  of  the  St.  Lawrence,  and  terminates  in  northern 
Alabama,  pursuing  a  course  nearij  north-east  and  south-wetft.  The 
series  of  rocks  composing  it,  according  to  the  Messrs.  Eogeni,  present 
an  unbrcAen  succession  of  conforming  strata,  from  the  lowest  members 
which  repose  immediately  on  the  primary  or  metamorphic  rocks,  to  the 
hin^MSt  Carbonifehyus  stnta.  The  new  Red  Sandstone,  which  extends 
eontinuonsly  in  a  narrow  belt  from  the  ralley  of  the  Conneoticut  to 
beyond  Virginia,  reposes  immediately  upon  tiie  folded  strata  of  this 
chain,  and  furnishes  not  the  slightest  indication  of  hating  been  dis-* 
turbed  by  the  moyements  which  produced  the  axes  beneath.* 

3.  The  third  may  be  denommated  the  Boeky  Ifpunimn  Sif$ieM^-^ 
IHtilongatibn  of  the  Andes— which  ranges  in  a  direction  a  little  west  of 
mnrth,  and  east  of  south,  from  Cafilomia  to  the  Arctic  ocean.  **  This 
grreat  mountain,''  remarks  Mr.  Dana,  ''the  back-bone  of  America,  is 
not  a  narrow  line  of  summits,  but  spreads  out  orer  a  base  of  more 
than  fourteen  hundred  miles,  one  foot  literally  bathed  by  the  waters  of 
the  Mississippi,  and  the  other  dipping  beneath  the  Pacific.  This  £aCt 
is  well  shown,  in  a  sectional  riew,  by  Fremont,  one  of  the  interesting 
resfalts  <^  his  explorations.  They  are  properly  a  gentle  swelling  of 
the  surlhce,  whose  average  inclination  is  seren  and  eight  feet  to  the 
mile  ;  and  on  the  declivities,  as  well  as  en  the  top^  are  numerous  lofty 
adges.f 

There  is  little  doubt  that  the  period  of  its  elevadon  was  subsequent 
to  the  deposition  of  the  Cretaceous  System,  and  therefore  among  the 
comparatively  recent  geological  events.  On  both  sides  of  the  equator 
it  is,  in  places,  flanked  by  Calcareous  strata,  containing,  according  to 
L.  ▼.  Buch,  fossils  charaeteristio  of  the  chalk.    These  were  also  ob- 

^  T^ii8.  Am.  G«ologi8t8,  (1840  and  1842),  p.  523. 
t  Geoligy  of  the  Exploring  Expedition,  p.  612. 
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served  by  Humboldt,  between  Ouamboe  «nd  M<Nitaia»  neiudy  thirteen 
thousand  feet  above  the  level  of  the  aea*  Neoeomian  fossils  were 
observed  by  Tsobudi  juoi  the  Cordilleras  of  Peru,  and  the  explorations 
of  Fremont  and  otbera  in  the  Rocky  Mountains*  con^rm  these  viewa. 

There  are  other  but  subcnrdinate  systems  of  upheaval*  all  of  whkh, 
in  the  present  state  of  geological  science,  it  is  impossible  to  trace  out 

We  will  advert  to  two  of  these,  which  are  well  defined  in  the  Lake 
Superior  district : 

4.  Tk$  System  cf  £ammstiqui<h  which  occurs  on  the  northrwest 
eoaat  of  Lake  Superior,  between  Pigeon  river  and  the  head  o£  Thunder 
bay.  It  is  the  most  ancient,  so  fur  as  we  know,  of  all  the  systems  of 
North  America,  and  thus  far  has  been  traced  only  over  a  limited  area. 
Its  elevation  took  place  before  the  close  of  the  Asoie  period,  since  the 
upper  membero  of  this  series  are  found  abutting  undisturbed  against 
the  granite  axis.    Its  direction  is  nearly  north-east  and  south-west 

5.  2?i0  System  of  Me  Moyde  and  JKeweena  PtmU.  This  embraces 
the  crystalline  greenstones  of  the  Copper  region,  which  lifted  up  the 
bedded  trap,  conglomerate,  and  sandstone^  at  angles  varying  from  40^ 
to  70^.  The  precise  period  of  its  elevation  can  not  be  determined,  but 
it  probably  to<^  place  about  the  close  of  the  Lower  Silurian  epoch, 
since  we  find  the  Hudson  river  group  of  the  Sturgeon  river  valley  dis- 
turbed by  it.  The  direction  of  these  axes  is  somewhat  variable.  On 
Isle  Boyale,  they  are  N.  66^  £.,  Ji>nt  on  the  southern  shore  they  bear 
N.  52^  K,*  though  subject  to  mino*  deviations,  i^i^  trap  ranges  in 
many  places  assuming  eresoent-ehaped  fonns« 

We  next  propose  to  bquire  how  far  the  mountain  ohattts  t>f  North 
America  can  be  identified  with  those  of  Europe ;  and>  in  the  proseeu* 
tion  of  this  task,  it  will  become  necessary  to  institute  a  oomparisoa 
between  the  various  foauUferous  groups  which  have  been  disturbed  on 
both  continents,  by  these  several  systems  of  elevation,  and  to  deter- 
mine their  respective  ages.  The  period,  perhaps,  has  not  arrived  for 
the  correct  determination  of  this  parallelism,  in  the  minor  groups ;  but 
with  regard  to  the  great  natural  divisi<»s,  there  can  be  little  doabt 

In  order  fully  to  understand  this  subject,  a  few  preliminary  remarks 
are  deemed  neoessary. 

*This  is  t)M  diraeteiof  alhM  draws  from  te  ■omiMni  limits  of  tht  tnp  oo  tba 
Montreal  rirt r,  to  its  southern  limits  on  Keweena  Point 
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JD4  BBonmoweM  ThMTjf  </  ike  Mevaiion  qf  Mouniain  CMns. 

The  Detemunaiion  of  the  relatiye.  age  of  mountaui  chain«  by  obserr- 
iDg  the  inclined  and  horizontal  strata,  which  reat  a^^iinst  them»  was 
first  suggested  by  L.  v.  Bach ;  but  to  Elie  de  Beaumont  belongs  th^ 
credit  of  having  wrought  out  the  details  of  this  theory,  and  first 
applied  it  to  the  several  mountain  chains  of  Europe, 

Starting  with  the  self-evident  proposition  that  those  strata  which 
have  undergone  upheaval^ .  n^ui^t  be  ly^re  ancient  thaa  the  cause  of 
that  upheaval;  and  another  propositioai,  equally  evident,  that  all  strata 
found  abutting  against  the  flanks  of  a  mountain,  are  more  recent  than 
the  mountain,  he  inferred  that  all  mountain  chains  are  not  contempora- 
neous, but  have  been  raised  at  different  epochs;  and,  consequently, 
that  the  epoch  of  elevation  must  have  had  a  great  influence  on  the 
distribution  of  sedimentary  strata.  It  is  assumed  that  at  each  revolu- 
tion which  our  globe  has  undergone,  the  forces  of  upheaval  acted  in 
parallel  lines,  and  that  therefore  the  age  of  a  mountain  chain  may  be 
inferred  with  great  probability  from  its  direction ;  and  that  the  lines  of 
fracture  and  elevation  are  not  mere  local  phenomena,  but  possess  a 
great  degree  of  uniformity,  and  traverse  entire  continents. 

In  order  that  we  may  determine  the  correctness  of  this  celebrated 
theory  and  its  applicability  to  our  own  country,  it  becomes  necessary 
to  ascertain  how  far  a  parallelism  may  be  traced  in  the  contempora- 
neous lines  of  upheaval  in  the  two  hemispheres.  For  this  purpose,  we 
give  an  abstract  of  De  Beaumont's  views  with  regard  to  the  different 
epochs  of  elevation,  accompanied  by  such  comments  as  our  own 
observations  have  suggested. 

In  his  first  publication,*  in  1829,  he  recognized  only  four  systems 
of  mountMU  chains ;  but  the  year  following,  he  augmented  the  number 
to  nine:f 

1.  System  of  the  main  chain  of  the  Alps — direction  east  and  west; 
which  raised  the  old  Diluvial  deposits. 

2.  System  of  the  Western  Alps  (from  Marseilles  to  Zurich) — direc- 
tion N.  26^  E.,  which  raised  the  Upper  Tertiary. 

d.  System  of  Corsica  and  Sardinia— direction  north  and  south; 
which  raised  the  Lower  Tertiary. 

*  Recberehes  but  qaelqnes  unet  dea  RevolittloiM  da  U  Snrfeos  du  Globe.  Compte 
Rendw  de  1*  Acad,  dee  Bdeneee. 

t  Annalee  dee  Sdeneee  Neturallee.    Tomee  18, 19. 
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4.  System  of  the  Pyrennees  and  Appen]ne8'-Ktire<^tio&  north-west 
and  south  east ;  which  raised  the  Chalk  and  Greensand. 

5.  System  of  the  Cote  d'  Or,  (Burgundy),  the  Eragebirge  (Ger- 
many)—^lirection  south-west  and  north-east;  which  rused  i^e  Jura 
limestone. 

6.  System  of  Vendue,  Thnringia  and  Bohemia — direction  north-west 
and  south-east  (therefore  parallel  with  the  fourth  system);  which 
raised  the  Trias. 

7.  System  of  the  Rhme— direction  north  and  south  or  north  north- 
east and  south  south-west ;  which  raised  the  sandstone  of  the  Vosges, 
(which  he  considers  disUnct  from  the  Variegated),  and  the  Zechstein. 

8.  System  of  the  Ketherlands  and  South  Wales— direction  north- 
east and  south-west ;  which  raised  the  Coal  measures. 

9.  System  of  Ballons  (Vosgos)  and  Bocage  (Western  France) — 
direction  N.  74°  W.,  S.  74°  E. ;  which  rwsed  the  carboniferous  lime- 
stone. 

As  early  as  1831,  Mr.  Sedgwick  remarked  that  the  mountains  of 
Westmoreland,  the  Grampians,  and  the  Lead  Hills,  had  been  elerated 
prior  to  the  deposition  of  the  Old  Red  Sandstone,  and  consequently 
prior  to  any  of  the  above  named  systems.'  Accordingly,  in  1833, 
another  system  was  created,  under  the  name  of  "Westmoreland  and 
Hundsriick" — since  there  was  a  general  parallelism  observed  in  the 
direction  of  the  two  mountain  chains,  varying  from  north  67^°  east  to 
north  37|°  east. 

In  his  last  work,  De  Beaumont  has  shown  that  there  are  at  least 
three  systems  included  in  the  above  named  direction ;  and  since  M. 
Riviere  had  noticed  another  very  ancient  system  6n  the  south-western 
coast  of  Vendue,  running  north-west  and  south-east ;  three  more  sys'- 
tems  were  added,  all  of  which  are  older  than  the  oldest  mentioned  in 
the  above  list.     They  are  as  follow: 

1.  Thai  of  Westmoreland  and  Hundsruek — direction  at  the  Binger- 
loch,  on  the  Rhine,  north  58^°  east;  which  raised  the  Pals^ozoic  rocks, 
below  the  Old  Red  Sandstone. 

2.  That  of  JforW^Ji— Direction  at  Vannes,  (Brittany),  N.  61f  ® 
W. ;  which  took  place  after  the  deposition  of  the  Bola  limestone,  of 
Wales. 

3.  Thait  i3f  Zon^ym^— direction  at  Bingerloch,  N.  31°  15'  £. ;  which 
took  place  after  the  deposition  of  the  Green  slates  of  Wales,  and  the 
field-stones. 
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4.  That  cf  inMAMTtf— direeiion  at  Brest,  north  68^  15^  east;  which 
took  place  after  the  deposition  of  the  oldest  schists  of  Brittany. 

5.  ay^Mnqfihe  VmdS$;  directioa  at  Yannes,— ktitnde  47<'  30'  26'' 
N.,  longitude  99  47'  W.~N.  2SP  30'  W.  Age  ;  anterior  to  the  system 
of  Finistenre,  and  is  tappoaed  to  have  been  elcTated  after  ^he  deposi- 
tk«  of  the  Gtoeen  slates  of  Belle  Isle.^ 

Howerer  ingenious  this  Iheory,  in  its  applicati<m  to  the  general 
directiod  of  mountain  chains,  it  would  be  hardly  safe  to  infer  the  age 
of  the  associated  sedimeBitary  roeks,  from  their  line  of  bearing  at  a 
partienlar  point.  In  examining  the  structure  of  mountain  chains,  it 
will  be  found  that  fhey  seldom  pursue  an  undeviating  course.  Some- 
times they  are  cunred ;  sometimes  strught  in  their  constituent  lines, 
but  curved  in  their  individual  lines ;  sometimes  individual  lines  are 
straight,  while  Ae  general  direclion  is  curved ;  and  sometimes  the 
kn^tndinal  fines  are  intersected  by  traverse  ones.f  <«The  more 
thorough,"  remarks  Mr.  Dana,  *Hhe  examination  of  the  trends  of 
groups  of  islands,  (which  are  the  culminating  points  of  sub-marine 
ridges),  and  of  mountain  chains,  the  more  distinctly  will  this  system 
of  things  be  ^>parent ;  and  instead  of  straight  fines  of  parts  of  great 
eireles,  it  will  be  found  that  the  predominant  courses  of  the  earth's 
features  are  curves."  In  Ohistration  of  this  remark,  we  need  only 
to  refer  to  the  trappean  ranges,  not  <mly  on  the  borders  of  Lake'Supe- 
rior,  but  elsewhere,  which  exhibit  a  marked  tendency  towards  a 
curvilinear  direction. 


PamMditm  in  the  PalcBotoie  Orayps  qf  the  two  Ccn^nente. 

Having  enumeraieji  the  different  systems  of  elevation  which  deter- 
nined  the  stniotural  relations  of  Europe^  we  now  propose  to  ascertain 
how  far  they  are  apf^licable  to  North  Amerioa.  This  is  a  task  of  much 
difficulty  in  reference  to  the  older  systems^  since  the  geographical 
feaitures  are  more  complicated,  and  since  the  paraUdism  of  particular 
groups,  in  the  two  r^ow,  is  still  %  matter  of  dispnte.  For  iSom  reason, 
probably,  I>e  Beaumont  himself  has  refraine4  from  making  a  direot 
application  of  his  theoory  to  thi^  country ;  he  haa  ineisely  glanced  at 

*  Note  fw les SjFatemes dd  Moattgiwii  I^rIiv  aDMitas  de  1^£iIm|is.  1^7.  Bal.  de 
la  Soc.  Geol. 

t  JameB  D.  Dana,  On  the  Origin  of  the  Grand  Outline  Features  of  the  Earth.  Am 
Journal  Science,  vol.  IIL,  (8d  eeriee).    1847. 
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the  ^neral  features,  while  to  others  belongs  the  tasli  of  tracing  out 
the  detiuls. 

Of  the  four  older  systems  of  upheaTal,  above  ^enumerated,  those  of 
Westmoreland  and  Longmynd  are  the  most  important  in  European 
geology.  As  to  the  former,  its  age  is  satisfactorily  determined,  the 
eleration  having  taken  place  after  the  deposition  of  the  Tile-stones, 
(which,  according  to  the  best  authorities,  is  regarded  as  the  crowning 
member  of  the  Silurian),  and  before  the  deposition  of  the  Old  Red 
sandstone :  thus  establishing  a  well-marked  line  of  division  between 
the  two  systems  of  rocks,  although  De  Beaumont  and  Murchison  are 
disposed  to  merge  them  together.  However  important  a  landmark 
this  may  be  in  Europe,  it  is  not  applicable  to  this  country,  since  the 
two  systems  present  a  succession  of  conformable  strata. 

The  system  of  Morbihan,  though  next  in  order,  k  of  little  import- 
ance compared  with  that  of  Longmynd,  since  its  age  is  determined  by 
iL    We  shall  therefore  proceed  to  describe  the  latter. 

The  hills  of  Longmynd  are  copiposed  of  schists,  upon  whose  uptnned 
edges  reposes  the  Caradoo  sandstone;  and  henee  the  former  were 
elevated  before  the  deposition  of  the  latter.  This  sandstone  forms  a 
well-defined  geological  horiEon  in  England,  where  the  Palaeozoic  series 
have  been  most  thoroughly  investigated ;  and  it  therefore  becomes 
important  to  fix  its  American  equivalent.  De  Beaumont  regards  the 
Caradoc  sandstone  as  the  equivalent  of  the  Potsdam,  which,  in  this 
country,  rests  at  the  base  of  the  Palaeozoic  series,  while  in  England 
there  are  members  still  below  the  Caradoc,  which  contain  fossils. 
Hence,  we  would  be  led  to  infer  that  organic  life  started  on  the  eastern 
continent  at  an  earlier  period  than  on  the  western — ^an  inference  which 
is  not  warranted  by  the  facts. 

Mr.  Danid  %arpe,  an  accomplished  English  palaeontologist,  to  whom 
Mr.  Lyell  submitted  his  collection  of  American  fossils,*  while  he  adnuls 
that  he  has  not  been  able  to  recognize  as  European,  any  species  found 
in  beds  below  Ae  Trenton  limestone,  yet  sees  no  ground  for  believing 
that  any^  such  beds  have  been  discovered  of  an  earlier  age  than  the 
leirer  fo8cfiifeit)UB  beds  of  North  Wales-^r  mstance,  those  in  t^e 
neighborhood  of  Tremadoo--containing  Lingulae.  De  Beaumont  assigns 
lo  feasona  for  regarding  the  Potsdam  and  Caradoc  sandstones  as  iden- 

^QtmrteiVv  Jonntl  of  Oeologjcal  Society.  London:  1848.  Remarks  on  the  Gobi- 
psriBOQ  of  the  North  American  FormationB  with  thoee  of  Europe. 
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tical,  wkeresB  a  eompftrison  of  the  fossils  wonld  indicate  that  the  latter 
was  not  older  than  the  Hudson  river  group. 

It  is  admitted  that  the  Palaesoio  series  are  developed  in  North 
America  on  a  scale  of  grandeur  and  extent^  not  ekewhere  observed. 
They  are  spread  out  in  nearly  horizontal  beds,  so  that  there  can  b^ 
no  doubt  as  to  the  order  of  succession ;  and  their  fossil  contents  are  so 
little  impaired^  that  their  peculiar  characters  can  be  at  once  recognized. 
It  would  be  an  anomaly  to  suppose  that  the  four  thousand  feet  ci 
fossiliferous  rocks  below  tne  Caradoc,  had  accumulated  in  Europe  before 
organic  life  started  in  America — an  anomaly  which  we  suppose,  would 
hardly  hare  esoafed  the  far-seeing  mind  of  De  Beaumont^  European 
geologists,  in  attempting  to  trace  a  parallelism  between  the  rocks  of 
the  two  countries,  have  undoubtedly  been  misled  by  the  so-called 
Taconic  system,  embracing,  as  was  supposed,  a  group  of  unconformable 
fossilSTerous  rocks  below  the  Postdam  sandstone — a  system  which  we 
believe  has  no  real  existence.  This  imaginary  system  has  been  re- 
garded as  the  equivalent  of  the  Cambrian  of  Sedgwick,  which  includes 
most  of  the  fossiliferous  rocks  below  the  Caradoc  sandstones.  De 
Beaumont  may  have  hastily  concluded  that  the  Potsdam  sandstone 
was  contemporaneous  with  the  Caradoc  of  England,  and  with  that  of 
Brittany  and  Scandinavia,  since  this  rock  occupies,  in  all  of  these 
regions,  the  base  of  the  Silurian  region — ^without  weighing  very  care- 
fuUy  the  Palseontological  evidence,  which,  after  all  must  decline  tbe 
question,  fie  was  undoubtedly  farther  confirmed  in  this  opinion  by  the 
supposed  analogy  between  the  unconformability  between  the  Taconic 
system  and  the  Potsdam  isandstone  of  America,  and  the  unconforma- 
bility between  the  schists  of  Longmynd  and  the  Caradoc  sandstone  of 
Great  Britain. 

FoV  the  purpose  olf  making  a  comparison  between  our  own  systems  of 
upheaval  and  those  of  Europe,  it  will  be  especially  necessary  to  fix,  as 
leafly  aJB  possible,  on  the  equivalency  of  the  older  systems  of  rocks  in 
.he  two  countries,  since  the  age  of  the  oldest  systems  of  upheaval  are 
letermined  by  De  Beaumont,  principally  by  reference  to  certain  groups 
IS  developed  in  England,  Wales,  and  Brittany. 

The  following  scheme  is  as  accurate  as  could  "be  expected;  in  Qie 
iresent  state  of  geological  knowledge.  It  would  be  impossible  for  us 
lere  to  go  into  a  critical  examination  of  the  data  on  which  this  paral- 
elism  is  founded. 
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JParMUimn  qf  the  Older  Systems  of  Europe  a/nd  America. 

America.  EuROfins. 

Axmc  Syttem. 

Crystalioe  sdiists,  limestones  and  au«rtz-  Sandstones  of  BtnnoiMh  and  Haiieoh, 

oae  zocks,  with  intercalated  traps  <n  Lake       in  Wales ;  island  of  Anglesia*  England ; 
Superior,  etc.  gneissoid  rocks  of  Scandinavia. 

Lower  Silurum. 

Potsdam  sandstone',  Caleiferous  sand-        Tiieereen  slates  and  feldstonesofWales; 
0too6.  The  slates  and  porphvries  of  Bohemia: 

the  lower  sandstones  of  Scandinavia ;  thi 
Obelus  sandstone  of  ftiuaia. 
Chazy,  Birds-eye,  Black-river,  and  Tren-         Bituminous  slates,  and  Orthocerate  lime 
ton  Hmestones.  stone  of  Russia. 

Utioa  slate,  and  Hudson-river  group.  Bala  limestone  of  Wales ;  Llandielo flagb 

and  Caradoc  sandstone  of  Great  Britain. 

The  above  comparison  of  the  lower  Silurian  gKoups  of  the  two  con 
tments  seems  to  accord  with  the  resiQts  of  the  geological  surrey  of 
Wales.  There,  according  to  a  communication  of  Barrande  to  the 
Oeologieal  Society  of  France,  in  which  he  gives  the  result  of  his  own 
examination  of  the  materials  collected  by  the  survey,  the  Caradoc  sand- 
stone is  distinctly  recognized  as  being  between  the  upper  and  lower 
Silurian  divisions,  while  the  Bala  limestone  and  the  Llandeilo  flags  form 
the  uppeir  portion  of  the  lower  SDurian,  corresponding  with  the  Hudson 
river  group  in  this  country. 

Four  of  the  European  systems  are  shown  by  De  Beaumont  to  be 
prior  in  age  to  the  deposition  of  the  Caradoc  sandstone,  and  we  have 
enumerated  three  which  are  of  at  least  as  high  antiquity  in  the  region 
of  lialpe  Superior.  While,  however,  two  of  our  systems  are  shown 
coi^dusively  to  be  older  than  ihe  palseoioic  epoch,  the  age  of  the  oldest 
European  systems,  with  regard  to  the  oldest  strata  containing  organic 
life,  is  by  no  means  so  clearly  settled. 

In  order,  however,  to  institute  a  comparison  between  these  oldest 
systenvs  of  Europe  and  those  recognized  by  us,  we  have  calculated  the 
direction  ijirhich  Aey  would  asfsume  if  transferred  to  the  region  of  Lake 
Superior. 

i.  The  system  of  the  Yend^;  the  direction  of  which^  at  Yannes, 
is  N.  22°  30'  W.  becomes— in  longitude,  87^  30'  W.,  and  latitude  47^ 
50'  If.,— N.  79°  63'  E.  ' 

2.  The  system  of  Finisterr^ ;  the  direction  of  which,  at  BriBst,  is  N. 
68°  16'  R,  beco;nes— in  latitude  42°  22'  and  longitude  72°  32'  W.r- 
N.  38°  20'  W. 

3.  The  system  of  Longmynd ;  the  direction  of  which,  at  Binger-loch, 
is  N.  31°  16'  E.,  becomes  N.  63°  40^  W. 
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4.  The  system  of  Morbihan;  of  which  the  direction,  at  Yannes  is  N. 
61°  45'  W.,  becomes  N.  60<^  30'  E. 

On  comparing  these  results  with  the  directions  of  the  systems  of 
npheayal,  before  indicated  as  occurring  in  the  Lake  Superior  region, 
we  find  that  the  direction  of  two  of  these  systems  coincides  very  nearly 
with  that  of  two  of  those  which  have  been  calculated  above. 

The  Lake  Superior  system  agrees  with  the  system  of  the  Yend^ ; 
the  former  being  about  N.  80^  E.,  S.  80°  W.,  and  the  latter,  transferred 
as  above  N.  79^  53'  E.,  S.  79^  63'  W. 

With  regard  to  the  age  of  the  system  of  the  Yend6e  we  quote  the 
following  from  the  last  publication  of  Rividre  on  this  subject:  '*  I  have 
imited  &\l  the  directions  of  the  normal  gneissoid  rocks  of  the  Yend^ 
into  one  system  of  dislocations,  to  which  I  have  given  the  name  of  the 
system  of  the  VeridSe,  ♦  ♦  *  *  This  is  probably  the 
most  ancient  normal  system ;  at  all  events  it  is  the  oldest  system 
known ;  if  it  was  preceded  by  other  systems  these  must  be  sought  for 
in  the  north  of  Russia  or  in  America,  where  the  transition  strata 
appear  to  be  nearly  horizontal.  *  *  *  The  gneissoid 
formation  is  completely  distinct  from,  and  anterior  to,  the  transition 
(l^urian  or  Cambrian)  sU-ata." 

We  may,  therefore,  presume  that  there  is  no  doubt  that  both  these 
systems,  the  European  and  American,  are  anterior  to  the  deposition  of 
the  oldest  fossiliferous  strata,  and  thus  far  the  agreement  of  each  other 
in  age  and  direction  is  suflficiently  satisfactory. 

The  system  of  Kaministiquia,  which  seems  to  be  the  oldest  which 
we  have  been  able  to  recognize  in  America,  appears  to  be  older  than 
any  system  of  upheavals  thus  far  admitted  by  de  Beaumont.  A  coin- 
cidence will  perhaps,  be  found,  after  farther  observations  shall  have 
been  made  as  to  its  precise  direction  in  this  country,  and  after  the  nu- 
merous systems  of  the  azoic  period  in  other  regions  shall  have  been 
worked  out  with  clearness  and  precision.  As  the  region  to  which  this 
system  is  confined  in  this  country  lies  without  the  limits  of  our  district, 
we  have  not  been  able  to  fix  its  direction  with  the  precision  requisite 
for  a  comparison  with  those  of  other  countries.  Durocher,  however, 
has  recently  announced  the  existence  of  six  new  systems  of  upheav^, 
in  Scandinavia,  older  than  the  lower  Silurian,  or  belonging  to  the  azoic 
period.  Besides  these,  he  recognizes  the  existence  there  of  the  four 
oldest  systems  of  de  Beaumont,  enumerated  above.  The  data  of  direc- 
tion and  relative  age  of  the  new  systems  proposed  by  Durocher  are  so 
10 
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indefinite,  not  having  given  the  details,  that  we  are  without  the  means 
of  comparison. 

The  system  of  Keweenaw  Point  agrees  very  nearly  in  its  mean  direc- 
tion with  that  of  Morbihan,  of  which  the  direction  when  transferred 
to  the  region  of  Lake  Superior,  becomes  N.  60^  30'  E.  The  coinci- 
dence of  this  direction  with  that  of  Isle  Royale  had  already  been  noticed 
by  de  Beaumont,  who  drew  the  inference  that  the  sandstone  and  con- 
glomerate of  that  island  could  not  belong  to  the  New  red  sandstone, 
as  maintained  by  Dr.  C.  T.  Jackson. 

If,  however,  we  proceed  to  inquire  as  to  the  coincidence  in  age^of 
the  system  of  Keweenaw  Point  and  Morbihan,  we  find  that  there  is 
good  reason  to  suppose  that  they  may  belong  to  the  same  geologicid 
epoch.  The  elevation  of  the  sandstones,  conglomerate  and  bedded  trap 
of  the  Lake  Superior  region  appears  to  have  taken  place  at  a  period 
not  far  removed  from  that  of  the  deposition  of  the  Hudson-river  group. 
This  is  inferred  from  the  position  of  the  deposit  of  the  lower  Silurian, 
near  L*  Anse,  which  appears  to  have  been  disturbed  by  the  same  canses 
which  produced  the  elevation  of  the  trap  and  conglomerate  of  Keewe- 
naw  Point.  The  age  of  the  highest  beds  of  this  deposit  is  not  more 
recent  than  that  of  the  Hudson-river  group,  so  that  as  far  as  can  be 
known,  this  elevation  must  have  taken  place  during  the  lower  Silurian 
epoch. 

According  to  de  Beaumont,  the  age  of  the  system  of  Morbihan.  is 
anterior  to  the  deposition  of  the  Caradoc  sandstone  and  posterior  to 
that  of  the  Bala  limestone.  If  it  were  admitted  that  the  Caradoc  sand- 
stone is  the  equivalent  of  the  Potsdam,  we  should  be  unable  to  recog- 
nize any  agreement  in  the  ages  of  the  two  systems  in  question.  The 
age  of  the  Caradoc  sandstone,  as  well  as  that  of  the  Bala  limestone, 
seems  at  the  present  time  to  be  better  understood  than  when  de  Beau- 
mont published  the  article  before  referred  to,  in  which  the  ages  of  the 
older  systems  of  elevation  are  so  ably  discussed. 

If  we  consider  as  we  are  authorized  to  do  by  the  most  recent  au- 
thorities, the  Caradoc  sandstone  as  forming  the  upper  portion  of  the 
lower  Silurian,  and  overlying  uncomformably  the  Bala  limestone,  the 
next  inferior  member  of  the  same  group,  we  shall  have  a  perfect  cor- 
respondence in  the  age  of  the  system  of  Morbihan  in  Wales,  with 
that  of  Keweenaw  Point  in  the  Lake  Superior  region.  As  to  the  true 
position  of  the  slates  of  Brittany,*   there  is  some  doubt,  since  the 

*  For  most  of  the  details  incorporated  in  the  subsequent  part  of  this  article  We  are 
indebted  to  our  coadjudor,  Mr.  Desori. 
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two  EBg]Bk43liftmpioQ6  hare  failed  to  eome  to  an  underatanding.  It 
does  not  seem  settled  tiltat  they  toe  older^  eren,  than  .the  Oaradoe.  In 
refejenoe  to  this  point,  De  Beanmoiit remarks :«— "The  anoient  schists 
of  Brittanny  are  overlaid,  imconfonnably,  by  a  band  of  quartsose,  con- 
glomerate, and  qvartzite,  which  appears  to  ke  the  eqniyalent  of  the 
Caradoe  sandstone.''  Now,  if  we  consider  that  thei^  are  numerous 
interstratified  masses  of  sandstone  and  conglcMnerate  in  the  SOiuian 
system  of  North  America,  such  as  tlie  Medina  sandstone,  Oneida  eon* 
glomerate,  and  Oriskany  sandstone,  we  would  ash^^What  reason  is 
ikere  for  regurdii^  this  quartxite  as  the  equivalent  of  the  Garadoe  ? 
May  it  not  be  a  mere  intercalated  mass?  The  fossils  mentioned  by 
Sedgwick,  (graptolites  and  fucoids),  as  occuring  in  the  schists  of  Cum- 
berland, are  characteristic  of  the  beds  above  the  Trenton  limestone  of 
Ais  country. 

We  have  alluded  to  another  assemblage  of  strata,  known  as  the  Bala 
limestone,  whsch  has  been  a  stumbling  block  to  most  geologists  who 
have  undertaken  to  clasmfy  it.  It  would  appear  as  though,  in  Wales, 
the  same  Oaradoe  sandstone  which  rests  uncartformMy  on  the  schists 
of  Longmynd  is,  in  other  localities  of  the  same  district^  underlaid  con- 
formaUf  by  extensive  groups  of  fossiliferous  rocks«  among  which  is 
tlie  Bala  limestone.  It  was  no  easy  task  for  the  author  of  the  eleva- 
tory  thecnry  to  adapt  these  two  groups  to  his  system,  in  consequence  of 
tbe  position  asdgned  to  the  Oaradoe  sandstone.  Assuming,  as  he  did, 
that  the  latter  was  the  equivalent  of  the  Potsdam,  it  irresistaUy  fol- 
lowed, that  the  limestone  of  Bala  was.onfe-Silurian.  On  the  other 
hand»  its  unconformahility  with  the  schists  of  Longmynd  would  indi- 
cate that  it  was  more  recent  than  the  latter :  and,  since  these  schists 
are  considered  as  parallel  with  the  Oumbrian,  the  consequence  would 
be,  that  the  Bala  limestone  must  be  intermediate  between  the  SQurian 
and  Cambrian ;  a  circumstance  not  recognized  elsewhere.  De  Beau- 
mont argues  thus :  "  The  fact  that  the  Oaradoe  sandstone  overlies,  un- 
conformably,  the  schists  of  Longmynd,  does  not  imply  that  the  former 
was  deposited  immedUody  irfkr  the  upheaval  of  the  latter ;.  but  should 
there  be  found,  any  where,  a  series  of  deposits,  underlying  coi^otmMy 
the  Oaradoe,  the  presumption  would  be  that  they  immediately  preceded 
it."  Now,  this  is  the  case  with  the  limestone  of  Bala ;  nevertheless, 
on  account  of  its  conformability  with  the  Oaradoe,  De  Beaumont  refers 
it  to  the  Silurian  period,  although  be  supposes  it  elsewhere,  as  in  Brit- 
tany, to  be  s^Murated  from  the  Oaradoe,  by  an  upheaval  contemporary 
wh^.tho  system  of  Morbihan.    This  upheaval,  therefore,  took  place 
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within ihe  StUinaii  epoch,  whoreia the nphesFalof  Langmyad eharae- 
tensed  its  dawn.  The  order  of  erents  wouUl  be  thva:-*^ After  the 
eleration  of  the  sehists  of  LongAjnd,  the  aea,  while  retreating  feon 
the  newly-raised  hndt,  reiaained  in  the  center  of  Wales^  and  there 
deposited  the  Bala  limestone :  daring  that  period  the  system  of  MarU- 
haxk  was  raised;  bat,  as  it  ^>pears  not  to  hare  operated  rttj  violendy 
in  Wales,  it  is  assomed  that  the  strata  composing  the  Carsydoc  aand- 
stone  formed  sabseqaently,  thoogh  of  differmt  materials,  might  have 
been  thrown  down  conformably  on  the  pretisting  deposits;  whereas, 
over  those  areas  where  the  effects  of  die  aphearal  were  more  marked, 
(for  example,  the  hills  of  Longmynd),  the  sabseqaently-fonned  depo- 
ses would  be  mnconformable. 

Howerer  ingenious  this  theory,  it  is  not  applicable  to  the  United 
States.  Discarding  the  Taconic  system,  as  haying  no  real  existence, 
and  regarding  tiie  Caradoe  sandstone  and  Bala  limestone  as  contempo- 
raneoos  with  tiie  Hudson  rirer  group,  the  diffimilties  are  by  no  means 
formidaUe.  This  parallelism  is  auihorised  by  the  aeulogical  resem- 
blances; and  Hurofaisqn  himself  has  lately  soj^^ested  that  the  Bala 
limestone  might  belong  to  the  Llandeilo  flags* 

There  ore,  however,  distinctive  featnres^in  the  character  of  the  form- 
ations of  die  two  countries,  which  we  eaa  not  fail  to  notice:  the  Umited 
extent  of  the  Bala  lim^tone,  anjl  the  acamity  of  older  fiDsstlSeroas 
dqponts,  indicating  that,  in  Eunqpe,  die  Piikibaeio  sea  most  have  gone 
on  increasing  in  extent,  or,  what  amoouta  io^die  same  thing,  that  ^ere 
must  have  been  a  gradual  subsidence  of  the  land,  which  continiied 
until  the  epoch  .of  the  Oaradoe  saadatene^  i^hen  it  attained  its  widest 
expansion.  Nothing  ci  this  character  has  beea^bserved  on  this  conti- 
nent. So  far  as  we  know,  the  loweisrt;  minnber  of  the  Silurian  system 
is  ^read  over  as  extended  an  area  as  any  of  the  sueceeding  ones ;  in 
fact,  they  are  less  extensively  developed,  which  would  sieem  to  indicate 
that  the  Pal»OB<nc  ocean  gradually  decreased,  from  the  epoch  of  the 
Potsdam  sandstone ;  or,  in  other  words,  that  the  land  was  gradually 
lismg,  here,  while  it  was  subsiding  in  Ettr<qpe« 
.  As  to  the  Appalachian  system,  De  Beaumont  was  at  first  inclhied  to 
refer  it  to  tliat  of  the  Pyrennees,  Imt  now  considere  it  as  belonging, 
partly,  at  least,  to  the  system  of  the  Ballons,  the  direction  of  which  is 
K.  74^  W.,  but  which,  when  transferred  to  the  meridian  of  Washington, 
beo(Hnes  N.  46^  42'  £. ;  a  direction  which  ahnost  esQeictly  agrees  with 
the  outcrop  of  the  principal  ridges.  There  is,  ako,  anodier  direction 
•to  be  noticed  in  the  Alleghanies,  which  is  nearly  parallel  with  tha 


Digitized  by 


Google 


worn  tas  APTAji>iniii  dv  boibimb. 

Hfceridittiy  aKboogh,  in  mtmj  pitcw,  it  beodmes  mergti.  with  the  for- 
iMT.  This  is  kttoWB  as  tbe  oM0^  m^fMiMB/ ^«^ 
■nppoMd  1>7  him  tb  embraoe  <3ie  White  Movntaiiis  of  iN«w  Hampshire* 
and  it  would  appear,  lie  remarks,  %b  ibevgh  4he  strata  had  been  de* 
ranged  by  the  N.  £«  and  S.  W.  sjaftMii,  irhick  vtmUL  go  to  show  that 
tbe  latter  was  more  receuL^ 

De  B^imibttt  r^marks:-^^'!  am  inefined  to  think  that  it  n  older 
than  the  system  of  Ballons  or  Alleghanies ;  older  than  the  oldest  Sihi^ 
rian  rocks  of  l^orth  America ;  even  older  than  the  system  of  Morbihan. 
It  mast,  abo,  be  dder  than  the  Taeonic  system,  since  the  latter  rests 
VBcon&rmably  on  the  primary  rocks  of  New  Hampshire.'' 

We  can  not  iiibseribe  to  the  high  antiquity  claimed  for  this  meridio* 
nal  system.  The  age  of  the  gneiss  rocks,  which  compose  it,  has  not 
beat  satisfactorily  determined*  but  tfae  probability  is,  that  they  are  not 
older  than  the  Lower  Silarian;  Its  high'  antiqoily  is  based  on  ihe  sup- 
position that  it  originated  previously  to  the  Taeonic  System,  which  is 
placed  subordinate  to  the  ^urian.  We  hare  before  protested  against 
recognizing  this  system  In  our  geological  speculations,  as  it  will  inevit- 
ably lead  to  error.f  " 

^Geologr  of  MsMMhoMttf;  p.  7ia 

f  It  i«  a  rmnarkable  fact,  Uiat  no  geologitt,  «zcopt  Hi  atitbor,  fh>m  actual  obaerra* 
tioD,  has  ■occoodod  tit  recognhing;  this  ajatani.  Mr.  Lyett  iuid  Prof.  Hall  pawed 
•tar  the  pvaad  of  its  'lappoaed  dovolopoiiieiita,  in  company  With  tho  diaooTerorr 
bnt,  wbilo  thf 7  nw  many  fnetanees  of  the  InTonrion  and  foldln|^  of  tho  atrata,  they 
aatiafiod  themtalTes  that  the  ■O'Called  Taeonic  ayatem  wae  not  older  than  the  Hnd- 
aon  rhrer  fronp.  It  la  aappoead  to  he  located  in  weatem  MaMachnaetta;  bat  Prof. 
Hitchcock  dooa  not  indorae  it  In  1841,  Prof.  H.  D.  Ro^ra  examined  thia  region, 
and  arrhrad  at  tbe  concloaion  tliat  the  cryitaHine  marblea,  and  aaaoclated  ■efalafs, 
and  aemi-TitrliUd  qnarti  rock,  of  Berkahire,  were  the  reanlta  of  aibtemnaaa 
ifneotta  afaooy ;  the  firat  beinf  fegarded  merely  aa  the  blue  liraeatone  of  tbe  Hod- 
aon  valley,  eztenaively  altered,  and  the  laat  a  highly  altered  form  of  the  white  land* 
atone  at  the  bate  of  the  Appalachian  formationf. — Pfoc.  Am.  PML  Soe.  /an.  1841* 

He.  Lofaa,  Arom  tbe  reanlta  of  hia  obaenraliotia  on  tbe  stnictate  of  tbe  Graaa 
Monntains,  la  their  C^aadiam  prolongation,  infara  that  tbe  whole,  Inclndiog  the 
anrllarona  qsarti  Toina,  Iwlong  to  tbe  fiudaon  liver  groop,  with  tbe  poeeiblo  addi- 
tion of  a  part  of  tbe  Sliawagunk  eongtomeratea.  The  anooeoding  micaceo-calea- 
raoaa  formatioa  ef  Mampbremagog  lake,  and  Si.  Fraseia  sad  Famiaa  livera, 
waald  aaem  to  ladlcate  that  it  wm  probably  of  aa  age  not  aalarior  to  the  Niagara 
limsilBBii  This  mtoacea  oalearooaa  lanaatiea  bae  been  traced,  by  Ptof,  Adaaoa 
thvopgb  Varment,  aad  tbenee  it  axtenda  lata  Maaaaobaaetta.  In  Gaip4,  an  acena^ 
oeooa  formation  enceeeda  the  upper  Silarian;  the  conditione  of  which  appear  la 
reeemble  tboie  of  the  Portage  and  Chemung  groop,  pooeaeing  a  thkkoaaa  %t  mrtn 
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The  Messrs.  Rogers  maintain  that  the  two  directionB  of  the  AUe- 
ghanies  have  originated  sunultaneonsly,  and  are  intimately  connected 
with  their  whole  composition.  But,  admitting  that  they  are  distinct  in 
age,  and  discarding  the  existence  of  the  so-called  Taconic  system,  the 
Meridional  system  remains  an  anomaly,  not  only  as  to  its  age,  but  in 
its  parallelism  with  any  of  the  older  systems  of  Europe.*  On  the 
whole,  we  see  no  ground  for  separating  the  so-called  Meridional  System 
from  that  of  the  Appalachian. 

As  for  the  Rocky  Mountain  system,  its  parallel  is  to  be  sought  for 
in  Asia,  rather  than  in  Europe.  Erman  states,  that  the  great  chain  of 
Alden,  m  eastern  Asia,  which  forms  the  water-shed  between  the  river- 
systems  of  the  Arctic  and  Pacific  Oceans,  if  protracted  in  the  direction 
of  a  great  circle,  or  following  the  shortest  course  from  point  to  point, 
would  intersect  several  of  the  principal  summits  of  the  Rocky  Moon* 
tains,  between  4(K^  and  45^;  thus  indicating  that,  though  widely  asun- 
der, they  belong  to  one  great  fissure,  f 

tbouBand  feet :  and  it  ii  not  anreasonable  to  soppoee  that  they  ehoiild  follow  the 
upper  Silurian  zone  in  its  south-west  course,  and  display  a  conspicuous  figure, 
either  in  a  metamorphlc,  or  unaltered  condition,  between  the  Silurian  or  Carbon- 
iferous areas  of  Eastern  America ;  to  one  of  which  New  Brunswick  belongs,  while 
another  is  met  with  in  Rhode  Island,  and,  in  a  metamorphie  conditian,  in  Maasa- 
chnsetto.-«-G^Z.  Surveff  of  Canada,  1847-48;  pp.  57  and  58. 

We  may  add,  that  our  own  investigations  in  the  Lake  Superior  district,  proae- 
cnted  for  more  than  a  thousand  miles  along  the  base  of  the  Potsdam  «iiidatose» 
have  convinced  us  that  there  are  no  older  fossiliferons  rocks  below. 

*De  Beaumont,  erroneously,  as  we  think,  aecribei  to  this  system  a  very  impor* 
tant  part  in  determining  the  outlines  of  this  continent.  He  undertakes  to  trace  it 
from  Greenland,  through  Labrador,  to  the  mouth  of  the  Hudson ;  thence  to  Cape 
Hatteras ;  thence,  crossing  the  eastern  portion  of  Cuba,  it  is  supposed  to  interaeei 
the  Isthmus  of  Panama;  and  thence  to  touch  the  Cape  of  Guayaquil,  and  pass  a 
little  outside  of  the  coast  of  Choco,  in  a  direction  parallel  with  the  principal 
mountain  chains  of  New  Grenada.  He  considers  it  as  among  the  most  remarkable 
metalliferous  zones  of  the  globe,  containing  the  gold  mines  of  Vermont,  Virginia, 
North  and  South  Carolina,  Georgia  and  Cuba;  and  also,  the  geld  and  platiiia  mtne 
of  Hayti,  and  of  Choco,  and  of  the  eastern  Cordilleras  of  New  Grenada. 

Too  much  stress,  we  think,  is  here  laid  on  the  metalliferous  chanoter  of  roeka ; 
but,  adopting  this  as  a  test  of  the  period  of  upheaval,  we  would  remark,  that  Mr 
liOgan  has  shown  that  the  auriferous  veins  of  CaQada,-*^  prolongatioa  of  the  anri- 
ferons  Teins  of  Vermont,-— beiong  to  the  flndson  river  group,  while  HumbaMt  mmd 
Maiohlson  both  conenr,  on  independent  grounds,  in  rapnaenting  the  impragaatioB 
of  the  roeka  of  the  Ural  with  gald  and  platina,  aa  among  the  moat  neant  geolofteal 
eveata. 

t  Raise  um  die  Erde. 
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It  4b  worthy  of  remark^  that  this  chain,  like  the  Rooky  Mountains,  is 
in  nany  places,  corered  with  Yojcanio  materials,  and  several  of  the 
highest  snnuaits  consist  of  actiye  volcanoes.  We  have  no  information 
as  to  the.  character  and  age  of  the  sedimentary  strata  which  repose  on 
its  flanks. 

We  ha^e  thus  attempted  to  ti^ace  a.  parallelism  betwesn  the  mountain 
systems  in  the  two  hemispheres.  We  are  disposed  to  regard  diese  axes 
of  elevatioii,  not  simply  as  irregular  lines,  of  limited  extent,  but  as 
possessing  much  uniformity  in  direction,  and  traversing  entire  conti- 
nents ;  but,  we  admit,  in  the  present  state  of  geographical  and  geologi- 
cal knowledge,  absolutely  certain  conduuons  can  not  be  attamed.  Our 
object  has  been  to  call  the  attention  of  American  geologists  to  one  of 
the  most  interestiog  problems  in  this  science ;  (me  which,  thus  far,  has 
not  received  the  attention  which  it  deserves.  We  have  had  another  ob- 
ject in  view:  Many  European  physicists  have  represented  this  continent 
as  being  emphaticaUy  ''new;"  not  simply  in  reference  to  its  settlement 
and  civilization,  but  to  the  period  when  it  first  emerged  above  the 
ocean.  We  have  shown,  conclusively,  we  think,  that  the  period  of  its 
emergence  was,  at  least,  contemporary  with,  if  not  prior  to,  that  of  the 
eastern  continent;  although  its  outlines  were  very  different  from  what 
we  now  behidd*  . 

In  the  succeediDg  epochs,  we  witness  the  operatbn  of  the  same  great 
forces,  though  ni9t,  perhaps,  in  all  instenoes,  simultaneously  exerted  in 
the  two  hemispheres.-  The  seas  swarmed  with  the  same  types  of  ani- 
mal lib,  though  not,  in  all  instances,  specifically  identical,  and  the 
same  forms  of  vegetable  life  clothed  the  land. 

2.  NOTIB  ON  THl  TJSB  OF  THE  ZSNITH  TiLSSOOPK  IN  DXTBRMINIO  LATI- 
TUDES IN  THE  Coast  Survet,  bt  Tai.cott*s  Method,  and  on  the  Reduc- 
tion OF  the  Observations.  By  A.  D.  Baohb,  Superintendent  U.  S» 
Coast  Survey. 

Thb  method  of  determining  latitudes,  by  measuring  differences  of 
meridian  senith  distance  of  two  stars,  of  nearly  the  same  distance 
from,  and  on  opposite  sides  of,  the  senith,  employed  by  Capt.  Andrew 
Tslcott,  late  of  the  U.  S.  Corps  of  Engineers,  appears  to  me  one  of 
the  most  valuable  improvements  in  practical  astronomy  of  reoent  years. 
It  has  been  described,  with  care,  by  Professor  Courtenay,  in  the  Jour^ 
nal  of  the  Franklin  Institute ;  by  Major  Emory,  in  his  report  of  observa- 
tions^ in  connection  with  the  nOrth-eitstem  boimdary  of  Ihe  United 
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States  ;  and  by  Capt.  Lee,  of  the  U.  S.  Topogw^kical  Eagintets,  by 
whom  it  irsA  repeatedly  used  in  tke  operations  of  the  Ooast  fiiprey. 

The  chief  modifications  in  the  instrument,  since  its  introduetioa  in 
the  Survey,  hare  been*-in  securing  stability,  by  a  brass  arc,  instead 
of  a  sliding  rod,  (proposed  by  Major  Emory  and  by  me) ;  in  increasing 
the  facility  of  reaching  the  zenith,  by  raising  tiie  central  columns,  and 
somewhat  diminishing  the  diameter  of  the  asimuth  circle ;  in  substituting 
a  nngle  for  a  double  micrometer ;  in  providing  a  parallactic  eyepiece ; 
in  illuminating  by  a  lamp,  not  resting  on  the  instrument ;  in  bringing 
the  divisions  of  the  level  and. micrometer  into  just  relations;  in  an  ad- 
justment for  the  verticality  of  the  axis,  (adapted  by  Mr.  Simms,  of 
London) ;  and  in  providing  stops  to  set  the  instrument  in  asimuth. 

Quite  a  new  form  was  proposed  for  the  instrument,  by  the  late  E.  fi. 
Fauntlen>y,  one  of  the  Assistants  of  the  Coast  purvey,  in  which  tlie 
telescope  was  to  be  used  for  determining  time;  which  it  is  capable  of 
doing  with  sufficient  preoisi(»i  for  obs^vations  of  ktitade.  -  Thte  nistru- 
ments  of  this  kind  used  upeii  the  Coast  Survey,  have  beet,  ga»mlly, 
made  by  Wifliam  Simms,  of  Londoti ;  onie  has,  howevet,  be^  recently 
constructed  by  Mr.  Witrdemanti^  of  Washington,  and  another  is  in  pro* 
gress  of  making,  under  fir.  Sazton's  direction. 

As  used  by  us^  the  observaticiis  are  made  when  each  stajp  is  very 
nearly  in  the  meridian,  and  as  nearly  as  possible  when  pai^ltig  the 
center  of  the  field  <^  the  telescope.  Wheuttiiere  ia  a  recorder  to  assist 
the  observer,  he  calls  out  the  setting  of  the  instrument  for  each  pair  of 
stars,  and  when  the  star  should  enter  the  field  i  ttlenqeforwEM  colls 
each  ten  seconds,  the  observer  following  the  star  with  the  horiioiital 
wire,  and  moving  the  instrument  in  asimuth,  if  it  appears  neoesstey, 
as  the  time  of  culmination  approaches,  to  bring  the  star  in  the  middle 
of  the  field.  When  within  ten  seconds,  the  recorder  calls  each  second, 
and  the  instant  of  the  previously  computed  culmination,  when,  the 
'wire  being  upon  the  star,  the  first  part  of  the  observation  is  complete. 
The  level  and  micrometer  are  read  and  recorded.  The  same  process 
is  repeated  after  the  instrument  has  been  turned  IftO^  to  observe  the 
opposite  star  of  the  pair,  on  the  other  side  of  th4  zenith.  A  single 
observation  on  the  meridian  has,  in  our  experience,  been  fouiid  prefer* 
able  to  several  circum-meridian  observations. 

Th^  form  of  record  is  not  essentially  diflferent  from  that  used  by 
Oaptain  Taloott,  and  by  subsequent  observers.  By  reeonfing  the  read- 
ings of  ihe  letel  as  K.  and  S.  ends,  jjietead  of  object  and  eye-^nds, 
some  trouble  is  saved.    The  table,  vri^  its  headings,  is  as  foUews : 
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Of  the  arrangement  of  the  instrument  in  its  place,  and  the  simple 
adjustments  it  requires,  when  not  employed  to  obtain  time,  it  is  not 
necessary  to  speak.  We  mount  it,  usuaRy,  on  a  block  of  stone,  or 
wood,  sunk  about  two  feet  in  the  ground,  and  find  little  advantage  in 
one  material  over  the  other. 

The  instrument  being  in  place,  the  first  point  is,  to  determine  the 
value  of  the  micrometer  in  angular  measure.  Several  methods  have 
been  used  for  this  purpose :  the  most  common  is,  by  turning  the  micro- 
meter at  right  angles  to  the  position  in  which  it  is  generally  used,  and 
noting  the  number  of  divisions  passed  over  by  Polaris,  or  some  other 
circumpolar  star,  in  a  given  time,  when  near  its  culmination.  Another 
method,  introduced  by  Assistant  C.  0.  Boutelle,  is,  to  observe  Polaris 
near  elongation,  when  rapidly  rising  or  falling,  with  but  a  slight  motion 
in  Azimuth.  This  is  a  pretty  method,  and  avoids  the  displacement  of 
the  micrometer.  When  a  theodolite  is  at  hand,  we  generally  obtain 
the  micrometer  values  by  the  apparent  diameter  of  a  distant  object,  as 
measured  in  angular  and  in  micrometer  divisions,  by  the  two  instru- 
ments. 

A  ring  of  lead  is  placed  around  the  sliding  tube  at  the  eye-end  of  the 
telescope,  to  prevent  a  change  of  focus.  It  is  usual  to  test  the  differ- 
ent parts  of  the  screw  in  obtaining  these  values,  turning  the  microme- 
ter both  forward  and  backward.  A  record  of  a  series  of  observations 
of  the  last-named  kind  is  given,  below,  with  their  discussion: 

NUMBER  II. 
Valiies  of  Micromeier  Divisions,  No,  1,  hy  Distant  Mark, 


Date. 

Distance 
from 

With  Mi- 
crometer. 

With  The- 
odolite. 

Mic.  value 
of  one  divi- 
sion. 

a  /^x 

(a^x)' 

May  16, 

0  toS 
0    "  W 
0    "  A 

Sums 

divis. 
1213.0= 
1324.0 
2846.0 

463.1 
603.2 
109.6 

.3818 
.3800 
.3862 

.0004 
14 
38 

.00000016 
0196 
1444 

I 

e  =  0."0061=  probable  error  of  a  single  observation. 
E=0.  0012=        "  "  mean  of  all. 

Mean  value  of  one  division  of  Micrometer  =  0".3806  db  0"0012 
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From  these  obseirfttioiiB,  a  table  is  made,  w&ioh,  by  simple  inspec* 
tion,  shows  the  angular  yakie  of  any  munber  of  tums  of  the  screw, 
and  parts  of  a  torn*  By  suitably  selecting  the.  pairs  of  stars,  any  effect 
of  inaccuracy  in  this  determination  may  be  aroided,  by  making  the 
sum  of  the  zenith  distances,  of  all  the  pairs  N.  and  S.  of  the  lienith, 
sera.  It  is,  generally,  convenient  to  approach  nearly  to  the  fulfflment 
o  this  condign. 

The  value  of  the  divisions  of  the  level  is  next  found  in  teni»  of  the 
micrometer  value ;  passing  the  bubble  from  one  end  to  the  other  of  the 
level,  so  as  to  detect  and  measure  any  irregularities.  The  telescope  i^ 
pointed  at  a  distant  mark,  or  a  collimating  telescope  is  used ;  the  dis- 
placement of  the  line  of  eoUimation,  as  the  bubble  of  the  levd  is  made 
to  travel  from  one  end  of  the  tube  to  the  other,  being  measured  by  the 
micrometer.  The  advantage  of  the  collimator,  from  the  stiUness  of 
the  air  through  which  the  observation  is  made,  is  shown  in  the  follow- 
ing comparative  results,  by  the  two  methods : 

NUMBER   III. 
Vaiue  of  Zevd  Diioisums.    No,  1  b^  DiHani  Mark. . 


Level. 

Micrometer. 

Differ. 

Difffer. 

Value  of  one  divis.  of 

0 

E 

Turns. 

DWifl. 

Levtol. 

Micr. 

ieyel  is  mlor.  diritioM. 

64.5 

14.7 

0 

0 

4.26 

19 

4.47 

60.3 

19.0 

0 

19 

4.40 

20 

4.64 

66.0 

23.6 

0 

39 

6.60 

21 

3.82 

60.6 

29.0 

0 

60 

e  =  0.5862  in  micr.  divisions. 

E  =  0.0M75    " 

Mean  value  of  <me  divisian  level  »s  r'.5193 

M.  2  ^  collimaior. . 

e  =  0.0770 

E  = 

=  0.0 

181 

The  value  of  the  level  ^visions  is  then  converted  into  arc>  and  a 
table  prepared,  which,  by  inspection,  shows  the  correction  to  twice 
the  latitude  for  an.  excess  of  sum  of  readmgs  of  nordi  ends  over  sum 
of  south  ends,  or  vice  vena;  applying  this  correction  in  north  latitude, 
with  the  sign  N. — S.  I  constructed  a  table,  from  which  the  jcorrection 
for  level  could  be  taken  by  inspection ;  the  sum  of  the  north  end  read- 
ings being  arranged  at  the  top,  and  the  sum  of  the  south  end  at  the 
side — the  correction  being  found  on  a  diagonal  line.  It  has  not,  how- 
ever, found  favor  with  the  observers :  but  they  usually  prefer  a  table 
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of  singk  entry,  in  iriiibii  tba'«igiiiheittf  is  the  diffuwMe  of  the  series  of 
noiih  and  south  end  rftaduigs^  «&d.  ^q^ostte  the  e^rreotkm  in  arc. 

There  are  two  oorreetions,  irhioh  it^iUigr  be  -aa  w^  to  AOlice  in  due 
place ;  yIs.,  for  redaction  to  the  meridiaa.aiid  refraction. 

If  the  line  of  colUmalion  <^  the  teieicope  is  off  the  meridian,  the 
reduction  to  the  nieridian  employed  in  altitude  a&d  aumnth  instrm- 
ments,  and  in  sextant  obsenrations,  implies.  If  the  azisi  or  yertical 
wire,  is  in  the  meridian,  and  the  star  b  obserred  before  or  after  cufani- 
naticm,  then  the  correction  is  such  as  is  used  with  the  lenlth  sector  and 

TJS 

with  the  meridian  circle,  vi«  :  a?— —.    ffin  2  a,  in  which  x  is  the 

correction,  H  the  hour  angle,  and  a  the  polar  distance  of  tiie  star. 

These  oonreetions  were  formerly  tabulatbdi  but  now  are  generally 
aroided  by  the  mode  of  obserring*  and  the  eases  in  which  they  oeeur 
are  computed  separately.  In  general,  the  tendencjr  L^  to  avdd  methods 
which  introduce  tedious  icalculatioiis,.  nnlese  attended .  with  decided 
advantage. 

One  of  the  great  advantsgefe  of  ZalodtlTa  Inethod  is,  that  the  correc- 
tion for  refraction  is  t^  smatt;.  being 'foittl:^  difi^^O^eM^,  merely,  of 
the  two  refractions  on  each  side  of  the  zenith.  The  correction  for  tem- 
perature and  pressure  of  the  air  is,  usi|ia)ly,  ipBlgnf^canjb;  amounting, 
at  the  distance  of  26^  from  the  setttth,~-a&d  for^  difference^  of  ftS^min- 
utes  of  zenith  distance,  twb  iiich^  of  thebiM^meter,  tod  6(P  of  the 
thermometer,  (Fahr.),  tp  pnly  (L^6ii  Tthe  whole  cottection  for  refrac- 
tion is  obtamed  by  the  following  easy  method^first  used^  I  believe,  by 
Prof.  Oibbes,  of  Charleston:  The  refraction: bcpig  nearly  pk'oportional 
to  the  tangent  of  the  zenith  distance,  the  difif<^3eBoe9.  for  Hie  two  stars 
of  the  pair  will  be  nearly  the  differential  of  the^tangent  of  the  zenith 
distance  of  the  star  south  of  the  zenith,  and  will  be  inversely  propor- 
tional to  tiie  square  of  the  cosine. 

Call  Zs  the  true  zenith  distance  of  the  star  south  of  the  zenith,  and 
Zn.  the  Mme  foiT  the  star  north  of  the  zeittb. : 

Then,  in  each  ease  the  true  se^nth  distance  ^  the.  .<^served  distance 
4-  the  refrtiction,  which  is  propofticMial  to  the  tangent  of  &e  teoiih, 
diMailoe';-^r  calling  Zs   imd  Zn   the  observed  aedith  distance  of  the 

star  S  and  N  of  the  zenith,      .         .  .     , 

'       Z<  =  Z«  +miaxi7^,BJii 

Zn  =  Zn  -|-nttanZn 
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Zs  —  Zn^Zs  —Zn  +m  (tan  Z«  — tanZn.) 
t  t  ^  ' 

Since  tan  Z«  — tan  Z»— tan  (29-UZn)  (1  -f-tan  Z«  tan  Zn)  atable 
may  easU j  be  ligoronsfy  computed,  or  approximately, 

rftanZ*— ^=V- 

A    J  *v    1               *i      •    T      mam  r'diff. zen. dist   ^         ... 
And  the  log  correction  is  Log j-^ ,  from  which  a 

table  is  easily  constructed. 

The  following  table  for  correction  for  refraction  to  the  nearest  hun- 
dredA  of  a  second,  for  different  zenith  distances  and  differences  of 
seniih  distance,  has  been  computed  by  this  method,  by  sub-assistant 
6.  W.  Dean,  of  the  U.  S.  Coast  Surrey: 
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[B.] 


Car'ns  f 

TT  BefracHon,  to  be  used  in  carrectinff  obeer'a,  with  Z.  . 

Tel. 

MICEC- 

ZENITH  DISTANCES. 

ARC. 

0O30' 

ootO' 

90  40' 

130  OO' 

150  40^ 

17050' 

190.40' 

210  20' 

220  50' 

240 10* 

25025' 

C  " 

.00 

.00 

.00 

.00 

.00 

.00 

XX) 

.00 

.00 

.00 

.00 

30 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

1 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

30 

.02 

.02 

.03 

.03 

.03 

.03 

.03 

.03 

.03 

.03 

.03 

2 

.03 

.03 

.03 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

30 

.04 

.04 

.04 

.04 

05 

.05 

.05 

.05 

.05 

.05 

.05 

3 

.05 

.05 

.05 

.05 

.05 

.06 

.96 

.06 

.06 

.06 

.06 

30 

.06 

.06 

.06 

.06 

.06 

.06 

.07 

.07 

.07 

.07 

.07 

4 

.07 

.07 

.07 

.07 

.07 

.07 

.08 

.08 

.08 

.08 

M 

30 

.08 

.08 

.06 

.08 

.08 

.08 

.09 

.09 

.09 

j09 

.09 

5 

.08 

.08 

.09 

.09 

.09 

.09 

.10 

.10 

.10 

.10 

.10 

30 

.09 

.09 

.10 

.10 

.10 

.10 

.10 

.11 

.11 

.11 

.11 

6 

.10 

.10 

.10 

.11 

.11 

.11 

.11 

.12 

.12 

.12 

.12 

30 

.11 

.11 

.11 

.12 

.12 

.12 

.12 

.13 

.13 

.13 

■13 

7 

.12 

.12 

.12 

.12 

.13 

.13 

.13 

.14 

.14 

.14 

.15 

30 

.13 

.13 

.13 

.13 

.14 

.14 

.14 

.15 

.15 

.15 

.16 

8 

.14 

.14 

.14 

.14 

.15 

.15 

.15 

.16 

.16 

.16 

.17 

30 

.14 

.14 

.15 

.15 

.16 

16 

.16 

.17 

.17 

.17 

.18 

9 

.15 

.15 

.16 

.16 

.16 

.17 

.17 

.18 

.18 

.18 

.19 

30 

.16 

.16 

17 

.17 

.17 

.18 

.18 

.19 

.19 

.19 

.20 

10 

.17 

.17 

.17 

.18 

.18 

.19 

.19 

•  .20 

.20 

.20 

.21 

30 

.18 

.18 

.18 

.19 

.19 

.20 

.20 

.21 

.21 

.21 

.22 

11 

.19 

.19 

.19 

.20 

.20 

.20 

.21 

.21 

22 

.22 

.23 

30 

.19 

.20 

.20 

.21 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

12 

.20 

.20 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.24 

.25 

30 

.21 

.21 

.22 

.22 

.23 

.23 

.24 

.24 

.25 

.25 

.26 

13 

.22 

.22 

.23 

.23 

.24 

.24 

.25 

.25 

.26 

.26 

•27 

30 

.23 

.23 

.24 

.24 

.25 

.25 

.26 

.26 

.27 

.27 

.28 

14 

.24 

.24 

.24 

.25 

.26 

.26 

.27 

.27 

.28 

.29 

.29 

30 

.25 

.25 

.25 

.26 

.27 

.27 

.28 

.28 

.29 

.30 

.30 

15 

.25 

.26 

.26 

.27 

.27 

.28 

.29 

.29 

.30 

.31 

.31 

30 

.26 

.26 

27 

.28 

.28 

.29 

.30 

.30 

.31 

.32 

.32 

16 

.27 

.27 

.28 

.29 

.29 

.30 

.31 

.31 

.32 

.33 

.33 

30 

.28 

.28 

.29 

.30 

.30 

.31 

.32 

.32 

.33 

.34 

.'34 

17 

.29 

.29 

.30 

.30 

.31 

.32 

.33 

.33 

.34 

.3." 

.35 

30 

.30 

.30 

.31 

.31 

.32 

.33 

.33 

.34 

.35 

.36 

.36 

18 

.31 

.31 

.31 

.32 

.33 

.34 

.34 

.35 

.36 

.37 

.37 

30 

.31 

.32 

.32 

.33 

.34 

.35 

.35 

.36 

.37 

.38 

.38 

19 

.32 

.32 

.33 

.34 

.35 

.36 

.36 

.37 

.38 

.39 

.40 

30 

.33 

.33 

.34 

.35 

.36 

.36 

.37 

.38 

.39 

.40 

.41 

20 

.34 

.34 

.35 

.36 

.37 

.37 

.38 

.39 

.40 

.41 

.42 

30 

.35 

.35 

.36 

.37 

.38 

.38 

.39 

.40 

.41 

.42 

.43 

21 

.36 

.36 

.37 

.38 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

30 

.36 

.37 

.38 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

22 

.37 

.38 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

30 

.38 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

23 

.39 

.39 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

30 

.40 

.40 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

24 

.41 

.41 

.42 

.43 

.44 

.45 

.46 

.47 

.48 

.49 

.50 

Digitized  by 


Google 


FOR  THE   ADVANCBMBKT   OP   8CIENC8.  159 

The  same  table  may  be  formed  as  conveniently  by  differences  from 
the  usual  refraction  tables. 

In  selecting  the  pairs  of  stars  for  use  with  this  instrument,  we  have 
found  the  following  rules  convenient  or  necessary  to  be  observed.  The 
British  Association  Catalogue  has  afforded  ready  means  for  their  selec- 
tion, and  the  computation  of  their  places. 

1.  The  latitude  of  the  place  is  assumed  to  the  nearest  two  or  three 
minutes  of  arc. 

2.  The  zenith  distances  should  be  as  small  as  practicable  (the  in- 
struments now  used  admit  of  ready  access  to  the  zenith  in  observa- 
tions), and  should  not  extend  beyond  twenty-five  degrees. 

3.  The  differences  of  zenith  distance  should  be  small,  and  in  no  case 
exceed  a  convenient  range  of  the  micrometer,  say,  ten  minutes  of  arc, 
corresponding  (in  the  instruments  which  we  use)  to  about  thirteen 
turns  of  the  micrometer. 

4.  The  interval  of  time  between  the  culmination  of  the  stars  of  a 
pair  should  not  be  less  than  one  minute  ;  so  as  to  give  time  deliberately 
to  read  the  micrometer,  and  to  turn  the  instrument  in  azimuth,  to  be 
prepared  for  observation ;  and  should  not  exceed  about  twenty  minutes, 
to  avoid  changes  in  the  instruments. 

6.  The  interval  between  the  pairs  should  afford  time  for  reading  the 
micrometer  and  level,  and  for  setting  the  instruments  for  the  next  pair. 
This  wiD  vary  with  different  observers ;  but  three  minutes  is  about  the 
time  adopted  by  most  of  our  observers.  When  the  intervals  between 
pairs  are  imavoidably  long,  they  are  filled  up  by  observing  transits  for 
time. 

6.  The  VI^  magnitude  is  the  least  that  admits  of  easy  observation, 
with  the  telescopes  which  we  use.  They  are  by  Smms  of  London, 
have  a  focal  length  of  forty  inches,  and  object-glasses  about  three  inches 
in  diameter ;  and  we  commonly  observe  with  a  magnifying  power  of 
fifty  or  sixty. 

7.  In  selecting  pairs,  all  stars  marked  "  doubtful,"  are  rejected ;  in 
general,  those  having  but  one  authority  are  not  taken.  Experience  has 
induced  an  exception  in  the  case  of  those  marked  G,  (Groombridge),  in 
the  British  Association  Catalogue. 

8.  In  order  to  be  certain  to  embrace  all  desirable  combinations,  the 
catalogue  is  to  be  consulted  from  the  earliest  AR  which  the  daylight, 
at  the  time  of  beginning  the  series  of  observations,  permits,  to  the 
latest  hour  at  which  it  is  desirable  to  observe.  Within  this  period  of 
AR,  the  stars  are  divided  into  belts  by  their  declinations  ;  the  breadth 
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of  each  being  equal  to  that  of  the  field  of  the  instrument,  and  being 
paired  accordingly,  the  corresponding  declinations  north  and  south  of 
the  zenith,  as  in  the  following  table  for  Mount  Independence,  near 
Portland,  Maine ;  assumed  latitude,  43°  45\  and  field  of  the  telescope 
16': 

TABLE  NO.  I. 
For  Selection  of  Pairs  for   Observation  with  Zenith  Telescope. 


No.  ot  (N.i          1 

Star  in 

or  Mag. 

Auth. 

A.  R. 

N.  P.  D. 

B.  A.  C. 

S. 

A.  m.  s. 

46°  00'  and  46°  30' 

6997 

S 

VI 

1 

17  36  06 

46°  27'  14" 

6096 

t€ 

<< 

1 

17  63  26 

46°  34'  04" 

6162 

<( 

ti 

1 

18  02  67 

46°  33'  16" 

6720 

« 

ti 

1 

19  29  69 

46°  22'  66" 

7241 

<< 

^? 

3 

20  44  46 

46°  30'  14" 

7681 

N 

1 

21  66  63 

46°  C4'  18" 

(16'  each  side  of  zenith.) 


No.  of 

"n: 

Star  in 

or 

Mag. 

Anth. 

A.  R. 

N.  P.  D. 

B.  A.  C. 

S. 

h,  m,  s. 

46°  46'  and  46°  46' 

6013 

N 

VI 

1 

17  38  39 

46°  60'  63" 

6728 

S 

l\ 

1 

19  31  46 

46°  37'  40" 

6731 

N 

1 

19  31  69 

46°  38'  02" 

7317 

N 

<< 

1 

20  67  02 

46°  47'  65" 

7333 

S 

IV 

3 

20  69  28 

46°  40'  06" 

7402 

S 

VI 

2 

21  12  62 

46°  40'  69" 

7706 

N 

<< 

3 

21  69  56 

46°  42'  61" 

The  table  is  continued,  as  above,  until  20°  to  25°  from  the  zenith  is 
reached.  It  Bontains  the  information  necessary  to  apply  the  foregoing 
rules  for  selection.  The  pains  which  may  be  bestowed  on  this  table 
are  not  lost.  Some  of  the  observers  prefer,  in  filling  it  up,  to  take 
zones  of  five  degrees  at  a  time,  on  each  side  of  the  zenith,  and  to  go 
through  the  catalogue  thus,  several  times  within  the  limits  of  the  AB 
determined  upon. 

The  pairs,  then,  are  selected,  and  placed  according  to  the  right 
ascensions,  as  in  the  following  table : 
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TABLl:  NO.   II. 

For  SelecHon  cf  Pain  for    Obs^rvaUon  with  the 

Zenith  Telescope.    From  17A.  to  19A. 


IN. 

Sun.  or 

8. 

Mag. 

Attth. 

AR. 

N.  P.  D. 

(6238  S 

VI 

3 

nh   15m  10« 

610 

W   62" 

6289  N 

V 

3 

18 

21 

43 

31 

17  07 

6179  N 

Illi 

3 

17 

50 

56 

33 

06  09 

6147  S 
(6178  8 

V 

3 

18 

01 

20 

69 

27  23 

3 

18 

06 

10 

68 

37  40 

6184N 

VI 

1 

18 

07 

21 

33 

46  58 

6368  N 

VI 

2 

18 

35 

36 

34 

53  24 

6427 
6091 

S 

VI 

3 

18 

44 

17 

57 

37  07 

N 

II 

6 

17 

53 

08 

38 

29  29 

i6236 

S 

in 

3 

18 

14 

37 

63 

69  69 

From   19A.  to  21A. 

star. 

N. 
or 
S. 

Mag. 

Anth. 

AR. 

N.  P.  D. 

A.  m.  9. 

O   /   // 

7008 

8 

VI 

1 

20  14  49 

61  04  03 

'7076 

N 

vn 

3 

20  23  63 

41  34  42 

6983 

N 

IVi 

3 

20  10  60 

42  44  38 

'6996 
7277 

S 

v| 

2 

20  12  48 

49  43  69 

8 

IV 

3 

20  67  36 

49  24  29 

'7301 

N 

^ 

3 

20  64  43 

43  03  46 

7100 

8 

1 

20  27  39 

47  19  05 

'7177 

N 

I 

6 

20  36  19 

46  16  12 

7317 

N 

VI 

1 

20  67  03 

46  47  SB 

'7333 

8 

V 

3 

20  69  29 

46  40  06 

6861 

8 

V 

3 

20  60  41 

66  18  47 

"6928 
6932 

N 

n 

1 

20  02  16 

37  16  42 

N 

v"^ 

3 

20  03  09 

28  26  20 

'6944 

8 

VI 

3 

20  06  43 

63  67  B5 

7001 

8 

VI 

1 

20  13  30 

61  27  48 

'  7062 

N 

n 

3 

20  22  27 

41  06  46 

7132 

8 

v| 

4 

20  31  27 

68  59  61 

7189 

N 

Vli 

2 

20  38  33 

33  09  09 

6671 

8 

VI 

2 

19  06  01 

68  67  46 

6683 

N 

V 

3 

19  08  60 

33  23  41 

11 
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NUMBER  III. 
Pairz  Selected  for  ObservoHan. 


Stor. 


6109 


N 


Mag. 


VI 


.  jTime/Sagittariiatie  04  46 
*   (6203..  S    VI     1  ^°  ^^  *=" 


Time 


!;■ 


(6681 
(6740 

(6771 
(6865 

(7001 
(7062 

(6937 
1 6969 


Lyrae 
6699  . . 
Aqtiilse 


S 

IV 

S 
N 

V 
VI 

S 

N 

VI 

S 

N 

V 
V 

AR. 


h.   m.  s. 

17  66  39 


18  10  69 

18  31  61 

19  11  09 
19  17  66 

19  23  04 
19  33  27 

19  38  63 

19  62  38 

20  13  29 

20  22  27 

20  03  61 

20  08  22 

21  00  11 


N.  P.  D. 


44  29  23 


47  63  21 


32  16  29 

60  11  24 

63  00  19 
39  30  00 

61  27  61 
41  06  48 

63  36  66 
38  69  12 


920 


22' 44' 


A+A' 


27  63 


30  19 


34  89 


36  08 


21  23 


Z-Z* 


1" 


16 


-1  07 
+1  19 
+6  39 
+6  08 


—7  37 


ZD. 


!">  46' 


P  38 


13  59 
13  56 


6  45 

5  12 
5  09 

7  20 
7  16 


4  59 

5  08 


Time 61,  Cjgnii 

^       (7398|S  |1V^4  21   11  31    61   13  68 
^       ( 74111 NIVI  |l  21  14  18   41  07  26 

Time  ;0  Aquarii  21  23  39 

From  tbe  table  No.  II.,  the  purs  which  best  fulfil  the  conditions 
heretofore  stated,  are  selected,  and  the  difference  between  twice  the 
co-latitude  of  the  place  and  the  sum  of  polar  distances,  is  entered  with 

its  proper  sign,  M80® — 2  L — (a^-j.  a^m  this  quantity  being  equal  to 

the  difference  of  the  senith  distances  of  the  two  stars  composing  the 
pair,  (since  180<^— 2  L=a^4-a^-}-Z^  — Z,.  L.  being  the  latitude  \ 
and  A,  the  polar  distances  -of  the  star  N.  and  S.  of  the  zenith  respec- 
tiyely,  and  Z^  and  Z,  the  zenith  distances  of  the  same  star. 

The  object  of  obtidning  the  zenith  distances  approximately,  is,  so  to 
select  the  pairs  that  the  sum  of  all  their  differences,  with  their  proper 
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signs,  abaD  b^  necrly  sero;  lAiehf  as  before  stated,  corrects  for  any 
error  m  the  determinations  of  Hie  aaicrometer  values  wbich  are  need  in 
tbe  obsenrations. 

X  Z— J Z> sprr  41'' for  17  pairs. 


Nc.  of  «^, 
Fair.  ^^ 

N.orS. 

Mag. 

Antb. 

AR. 

N.  P.  D.A  +  A' 

Z— 

2' 

ZD. 

JL  M.   f. 

o      t    » 

' 

n 

16109 

N 

VI 

3 

44  39  35 

44  39  33 

930 

10  46' 

1 

Tim6,i 

.s^u 

kariiat. 

18  04  46 

6903 

8 

1 

47  53  31 

47  53  31 

33'.44" 

-6 

16 

\t^. 

IS.  . . . 

18  31  51 

Time, 

19  11  09 

i  Aqai 

to'.'/. 

19  17  55 

3 

6681 

N 

VI« 

3 

19  33  04 

33  16  39 

6740 

8 

IV^ 

3 

19  33  37 

60  11  34 

37-53 

-1 

07 

13    56 

3 

6771 

8 

V 

^ 

19  38  53 

53  00  19 

6836 

N 

VI 

1 

19  53  38 

39  30  00 

30 

19 

+  1.19 

4 

6937 

8 

V 

3 

30  03  51 

53  35  56 

6959 

N 

V 

1 

30  08  33 

38  59  13 

35 

06 

+6 

08 

5 

7001 

8 

VI 

1 

30  13  39 

51  37  57 

7    30 

7063 

N 

V)i 

3 

30  33  37 

41  06  48 

34 

39 

+5 

39 

7    16 

Ti 

mo,  61, 

Cygnl, 

31  00  11 

67398 

8 

IV>i 

4 

31  11  31 

51  13  58 

4    39 

7411 

N 
Til 

VI 
n6,cA 

1 

qaarii, 

31  14  18 
31  33  39 

41  07  35 

31 

33 

—7 

37 

5    08 

7,7598 

N 

V 

3 

31  40  15 

41  33  03 

4    53 

7614 

8 

VI 

1 

31  44  53 

51  09  56 

33 

59 

+3 

59 

4    54 

8  7803 

8 

VI 

1 

33  15  38 

47  00  51 

0    45 

7894 

N 

v^ 

3 

33  31  48 

45  35  50 

36 

37 

+7 

37 

0    40 

9 

153 

N 

3 

00  38  38 

36  55  50 

9    30 

15^ 

8 

VI 

3 

00  39  30 

55  35  43 

31 

34 

—7 

36 

9    10 

10 

326 

N 

VI 

1 

00  41  13 

43  03  18 

3    13 

388 

8 

VI 

3 

00  54  39 

49  37  54 

31 

13 

+9 

19 

3    13 

11 

318 

8 

V 

3 

00  59  35 

46  51  35 

0    36 

353 

N 

VI 

3 

01  03  54 

45  37  50 

19 

35 

—9 

35 

0    47 

13 

487 

N 

IIIK 

3 

1  38  48 

41  08  06 

4    07 

5013 

8 

v^ 

3 

1  31  44 

50  11  13 

19 

19 

—9 

41 

3    56 

13 

649 

8 

^ 

3 

1  59  37 

53  51  30 

6    36 

673 

N 

3 

3  03  38 

39  38  07 

99 

37 

-H> 

37 

6    37 

14 

706 

N 

V 

3 

3  09  37 

43  18  55 

3    57 

737 

8 

V 

3 

3  13  31 

49  17  18 

36 

13 

+7 

13 

3    03 

15 

819 

N 

VI 

1 

3  33  36 

37  07  08 

9    08 

877 

8 

VK 

3 

3  43  16 

55  33  47 

40 

55 

+11 

55 

9    18 

16 

915 

8 

VM 

3 

3  49  45 

55  35  37 

9    10 

947 

N 

ni>i 

3 

3  53  57 

37  05  11 

30 

38 

+1 

38 

9    10 

17 

953 

8 

3 

355  34 

51  44  44 

5    39 

1043 

N 

iiK 

4 

3  13  37 

40  40  42 

25 

36 

-3 

34 

5    35 

Sum +  47'   57" 

««   —45'   16" 

2Z— 2Z'9+  3*   41" 
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The  pkoM  of  tbe  atars  are  next  aoomtelyivDrkediip  by  tlie  mcdiod 
laid  down  in  the  pre&ee  to  the  B.  A.  0. 

The  forms  used  for  computing  the  obsenrations  with  the  ae&ith  tele* 
scope  are  showui  in  the  amiexed  tablet*  There  are  Imefer  methods  ; 
but  this  one  has  the  adrantage  that  all  the  quantities  are  spi^ad  out  in 
the  table,  so  that  a  second  computer  (the  office  computer)  who  differs 
from  the  first  (the  field  computer)  may  trace,  readily,  the  source  of 
discrepancy. 
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In  discQBsing  the  results  of  the  obserratioBS,  the  first  step  is  to 
ascertain  the  probable  error  of  obsenration.  For  this  purpose,  the  lati- 
tude which  results  from  each  observation,  on  each  pair  of  stars,  is 
compared  with  the  mean  latitude,  from  all  the  obsenrationB  on  that 
pair.  If  the  obseryations  were  numerous,  of  course  the  probable  acci- 
dental error  would  be  thus  obtained  with  more  precision  than  in  the 
actual  case. 

The  following  table  gives  a  convenient  form  for  applying  this  method. 
The  results  were  obtained  by  one  of  the  sub-assistants  in  the  U.  S. 
Coast  Survey,  at  Mount  Independence,  with  the  Zenith  Telescope  of 
the  Coast  Survey,  No.  3. 
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jFbr  Probable  Ihror  of  a  Sk^le  OhaerviOwn. 

iXo.o{ 

Raraltt 

{a^) 

{a^y 

Pain. 

forLat 

X 

BUMMABT. 

I 

37.92 

I,  n,  in,  IV,  sum  of  sqs.  10.9907 

86.71 

1.79 

3.2041 

V,  VI,  vn,                     10.5131 

II 

33.01 

.91 

.8281 

vin,  IX,  X,                     6.0435 

(4) 

32.90 

1.02 

1.0400 

XI,  xn,  xm,  XIV,           8.5117 

34.05 

33.92 

.13 

.0169 

XV,  XVI,  xvn,  xvni,       6.7634 
XIX,  XX,  XXI,  xxn,         7.8312 

36.15 

.05 

.0025 

xxm,  XXIV,  XXV,  XXVI,  7.3678 

m 

37.84 

1.64 

2.6896 

XXVI,  xxvn,  xxvm,       5.6054 

(4) 

34.59 

1.61 

2.5921 

XXIX,  XXX,  XXXI,            6.9242 

36.23 

36.20 

1.03 

.0009 

XXXII,  xxxm,                 2.3263 

42.41 

.67 

.4489 

2  (a— «)"  —    72.7673 

IV 

41.44 

.36 

.0900 

41.50 

.24 

.0576 

(4) 

41.60 

41.74 

.14 

.0196 

\ 

31.97 

.28 

.0784 

V 

32.80 

.55 

.3025 

(6) 

32.55 

.30 

.0900 

31.44 

.81 

.6561 

32.48 

32.25 

.23 

.0529 

29.81 

1.39 

1.9321 

28.22 

.20 

.0400 

VI 

28.11 

.31 

.0961 

(6) 

26.72 

1.70 

2.8900 

29.24 

28.42 

.82 

.6724 

34.39 

.19 

.0361 

33.23 

1.35 

1.8225 

VII 

34.80 

.22 

.0484 

35.92 

1.34 

1.7956 

(4) 

34.58 

21.6038 

Number  of  observations,  d;  =  160  ^^ ^v  « 

"     pairs,  tr=    3«t»'=Aii:i/  = 


72.7673 
118 


r=0.6167 


iP— tr=118 
Then  0.6167  s:  x  {or-^Y  on  a  single  pair  having  bnt  a  single  observa- 

tion  upon  it.  

The  probable  error  of  one  observation  =  y.4649x0.6157  =       0".63 
«*          "         "           "  the  result  of  a  pair  having  three  ob- 
servations upon  it, •        0.31 
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For  four  obseryations  upon  a  pair, 0.27 

"  five  "  tt  n  0.f4 

"six  "  "  " 0.22 

"  seven        "  «.  «  0.20 

From  this,  results  the  mean  probable  error  of  any  number  of  obser- 
vations upon  a  pair  of  stars,  by  dividing  the  value  just  found  by  the 
square  root  of  the  number  of  observations. 

We  are  now  prepared  to  estimate  the  error  of  the  places  of  the  stars 
used;  for  the  discrepancies  which  they  show  are  composed  of  errors  of 
observation  and  of  errors  of  the  catalogue,  if  the  computationfi  have 
been  rightly  made.  The  form  in  which  this  discussion  is  made  is  given 
in  the  annexed  table,  with  the  results : 


Namber  of    No.  of  Star    |  Mean  of 

Mean  la- 

Paiw. 

in            each  pair. 

titade. 

a-v.  X 

(a^xy 

B.  A.  Catalogue       x 

« 

I 

6368 

6427      37.92 

34".60 

3.42 

11.6964 

II 

6497 

6622      33.92 

.68 

.3364 

III 

6671 

6683      36.20 

1.70 

2.8900 

IV 

6673 

6712,     41.74 

7.24 

52.4176 

V 

6746 

6764      32.26 

2.26 

5.0625 

VI 

6861 

6928 

28.42 

6.08 

36.9664 

VII 

6983 

6996 

34.68 

1.23 

.0064 

VIII 

7008 

7076 

33.27 

.08 

1.5129 

IX   7100 

7171 

34.65 

.06 

.0025 

XXXIII     963 

1043 

35.12 

.62 

.3846 

33'!  138.66. 

2(a^ 

r^)" 

169.6906 

Mean  lat.  =  43^46';34".60 

xM» 

4.4418 

Diff. 

165.2488 

For  X —  1  pairs. 


.  ri  .  ,              2  (a—xV—xW      165.2488  Log.  =  2.21814 
e  »  Catalogue  =—^ ^-^ «      3^  "^  =  1.50615 


0.71299 
.4649     "    =9.66792 


««Cat.  =0.37091 


e  Cat.  =  r.S3=s  0.18545 
Probable  error  of  position  of  one  pair  of  stars,  as 
given  in  B,  A.  Catalogue,  =  r'.63 
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The  omisnon  of  tfie  obsenrattons  on  the  four  pair  of  atars  having 
the  grealeat  probable  enrar,  votQd  reduee  the  average  Oatatogne  error 
of  each  pair  to  (y'.^B,  and  alter  the  mean  ktitode  but  0''.6.  The 
omissioB  of  five  piursi  having  the  next  gieatest  probable  errors,  would 
bot  sfightlj  <Aange  the  probable  error  of  the  Catalogue,  (to  O^'.QS), 
wUle  it  irmdd  affeet the  mean  latitode  4-0".32.  l^e  ^eot  of  a  few 
irerjr  dlaeordaat  resnlts  on  the  probaUe  error  is  not  peculiar  to  these 
.  results^  or  confined  to  this  class  of  observatkms. 

A  general  comparison  of  the  results  obtiuned  in  the  Ooast  Survey,— 
as  I  propose,  on  some  other  occasioQ,  to  i^w,— confirms  the  conclusion 
heite  deduced,  that  the  weak  point  of  this  method  is  in  the  Oatakgiie 
places  of  the  small  stars  used.  The  steps  idiich  have  been  taken  to 
obtain  d^evminations  of  these^  in  o<mneotion  with  the  Survey,  I  hope^ 
also,  to  bring  hetore  the  Association.  In  the  meanwhile,  we  mukqyly 
the  nnnber  of  pairs  of  stars,  and  make  a  number  of  observatioiis  on 
each  pair;  whidi  would  keep  our  results  in  due  relation  to tboee  of  the 
Catalogue,  if  much  more  perfect  than  at  present. 

8.  Oh  thb  PAiiBoNTOLoaY  or  the  Lowest  Sandstones  or  the  North- 
West.    By  D.  D.  Owen. 

The  occurrence  of  highly  fossiliferous  strata,  much  lower  in  the 
geological  formations  Ukaax  had  been  previously  observed  in  the  West» 
is  one  of  the  most  mterestii^  focts  connected  with  the  paleontology  of 
the  Uj^Mr  Missisa^  and  its  tributaries  in  Wisconsin  and  Minnesota^ 

This  discov^y,  which  throws  an  entirely  n^wlig^t  upon  the  zoologi-* 
eal  charadier  of  the  oldest  fossiltferoiis  beds  of  the  West^  was  made  in 
1847,  during  the  first  year  of  th«  survey  of  that  couAry. 

Leaving  out  of  view,  for  the  present^  the,  as  yet,  probkaaatical 
Taeonio  System,  only  two  species  of  Lingidas  had  be^  disoovered,  up 
to  that  time  in  this  country,  in  strata  (^  the  age  of  the  Potsdam  sand- 
stone, with  perhaps  an  associatad  Orbieula,  and  some  obscure  bodies, 
referred  to  a  siib^f^nus  of  freooides,  and  noticed  m  the  reporis  nn*> 
der  the  name  oi  SeoUhm.  l^se  were  considered  the  oldest  fos- 
ailB  then  discovered  m  the  Unted  States;  so  thai  Mr.  HaB,  in 
Us^feoe  to  the  Palnontology  of  New  YoA,  p.  18,  after  remark* 
ing  on  this  faet>  majb  :  '<  We  find  ourselves  forced,  therefore^  to  com- 
mence our  comparisons  with  Em^iean  formations,  from  the  Trenton 
limestone. 

In  August,  1847,  while  descending  die  Sk  Oroix,  I  observed  ainUi^ 
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tudes  of  Lhgulaa  and  Orlnctdtu  disseminated  in  strata  abutting  against 
the  south-west  side  of  the  trap  range  that  crosses  that  stream  at  its 
taXk,  In  tracing  out  th«  geological  position  of  these  beds  during  the 
succeeding  months  of  the  same  year,  they  were  found  to  be  only  a 
portion  of  highly  fossiliferous  beds,  lying  toward  the  base  of  the  lowest 
sedimentary  strata,  that  rest  and  abut  upon  the  igneous  rocks  of  that 
eoimtry ;  all  of  which  occupied  a  geological  position  beneath  the  Iiower 
Magnesian  limestone,  containing  OpkUeta  and  other  fossils  of  the  Gal- 
ciferous  sandstone  group  of  New  York. 

At  the  same  time,  it  was  observed  that  lAfiguhu  and  Orbiadaa  were 
by  no  means  the  only  genera  characterizing  these  rocks,  but  were 
accompanied  by  other  bracheopa,  and  several  forms  of  cmstacea,  Bome 
of  which  could  be  traced  down  six  hundred  to  seven  hundred  feet 
below  the  bottom  of  the  Lower  Magnesian  limestone,  and  even  beneadi 
Lingula  beds,  containing  apparently  Lin^aprima  and  I^n^mla  antiqua 
that  characterise  the  lowest  fossiliferous  beds  of  the  Potsdam  sandstone 
of  New  York. 

In  October  of  the  same  year,  while  measuring  and  examining  the 
sections  on  the  Mississippi,  between  the  Falls  of  St.  Anthony  and  the 
mouth  of  the  Wisconsin  river,  I  found  beneath  Lingula  grits  of  this 
description,  finer  grained  and  more  laminated  soft  sandstones,  with 
subordinate  Silico-Calcareous  layers,  charged  with  OMus,  like  those 
which  characterize  the  lowest  sandstones  of  Russia.  In  some  of  the 
very  lowest  of  these  beds,  within  one  or  two  feet  of  low  water  mark, 
ten  miles  below  Mountain  Island,  and  near  the  point  where  the  rodn 
of  the  Upper  Misabsippi  attain  their  greatest  elevaticm  above  that 
stream,'  I  succeeded  in  discovering  a  peculiar  trilobite,  remarkable  on 
account  of  the  spines  with  which  it  was  provided,  projecting  badcwards 
from  the  pygidium,  a  figure  of  which  was  given  in  the  report  of  1848. 

The  examinations  of  this  year  fully  convinced  me  that  the  fomiaticttB 
oi  Wisconsin  and  Iowa  were  destined  to  divulge  new  facts  regarding 
the  organic  remains  of  the  oldest  sedimentary  strata  of  this  country. 
Impressed  with  this  belief,  minute  stratagraphical  and  pal8Bontol<^;ical 
sections  were  undertaken  in  1848  and  the  subsequent  years  of  the 
survey,  by  mjseU  and  the  members  of  the  corps  engaged  in  the  sur- 
veys, where  the  protoyric  rocks  extended,  and  every  locality  visited 
and  examined,  that  promised  to  throw  light  on  the  subject.  These 
combined  labors  finally  developed  beneath  the  Lower  Magnesian  lime- 
stone, at  least  six  dififerent  trilobite  beds,  separated  by  from  ten  to  one 
hundred  aad  fifty  feet  of  intervening  strata. 
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After  having  commimieated  tliis  fact  in  general  terma^  in  my  preli- 
minary report,  written  at  Prairie  du  Cbien,  on  the  111^  of  Oot<>ber, 
1847«  and  which  was  anbaequently  published  in  the  report  of  the 
Secretary  of  the  Treasury,  early  in  the  following  season  ;  and  again 
noticed  the  subject,  much  more  in  detail,  in  the  report  of  our  (^ra* 
tions  in  1848,  uid  published  in  the  spring  of  1849,  with  accompanying 
figures  of  some  of  these  fosnls,  I  was  not  a  little  surprised  to  see  a 
short  notice  of  these  interesting  developments  in  the  aioraal  of  Scien- 
tific Discovery  for  1850,  wi^out  the  least  reference  to  these  accounts, 
published  two  years  previously  ;  the  more  especially  as  these  obser- 
vationa  had  been  recorded  with  the  proper  credit  in  Ihe  BuBetiii  of  the 
Geological  Society  of  France  for  1848  and  1849. 

The  largest  genus  of  trilobites  obtained  in  this  formation,  to  which 
the  name  of  Dikdla-Cephdon  has  been  given,  occurs  a  few  feet  above 
the  water  level  on  the  west  bank  of  LaJce  St.  Croiz,  imbedded  in  a 
kind  of  hydraulic  limestone,  one  of  the  uppermost  of  these  beds.  In 
form  it  approaches  nearest  to  Ogygia,  but  differs  from  it  in  several 
essentials,  especially  in  the  structure  of  the  pygidium,  the  azal  lobe  of 
which  is  not  so  prolonged,  and  has  much  fewer  articulations  ;  the  azal 
lobe,  too,  is  circumscribed  by  an  extended  marginal  flap,  instead  of  a 
narrow  border,  as  in  Ogygia.  This  is  formed  by  the  union  of  the 
lateral  and  interlateral  sequents.  Two  spears  project  from  the  posterior 
margin  of  the  flap. 

This  latter  character  seems  to  have  been  peculiar  to  several  of  these 
ancient  trilobites*  Similar  caudal  appendages,  of  considerable  length, 
and  much  attenuated,  are  well  displayed  in  some  of  the  specimens 
collected  from  the  lowest  trilobite  grits,  that  lie  flirty  to  forty  feet 
below  the  coarse  Lingula  grits  of  Mountain  Island,  and  opposite  the 
mouth  of  Black  river,  associated  with  vast  numbers  of  Obolus  and 
minute  Lingulas  of  different  species  from  those  in  the  higher,  coarser 
grits.  This,  which  is  the  lowest  of  all  the  trilobites  at  present  observed, 
has  fewer  segments,  both  of  the  middle  and  lateral  lobes  of  the  pygi* 
dium,  than  the  large  species  from  Lake  St.  Oroix. 

Numerous  aphalic  and  caudal  shields  of  other  trilobites,  occur  in  s<rft 
grits  at  the  moutii  of  the  lihieska  river.  The  form  of  the  glabella  of  the 
largest  of  these,  bears  a  considerable  analogy  to  that  of  the  DikMa 
etpkaUn ;  it  differs,  however,  in  the  sise  and  shape  of  the  expansion 
of  the  cheeks  in  front  of  the  glabella,  which  is  much  narrower,  and 
bent  downward,  instead  of  curving  slightly  upward  at  the  margin. 

The  same  grits  contain  another  species,  which  differs  from  the  above 
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in  the  dietiikctness  of  the  anterior  transverse  fiirrow  of  the  glabella ; 
alsQy  in  the  surface  of  the  cephalic  shield  being  stadded  ^th  tuber- 
cles. Another  tabercidated  species  oeonrs  in  the  sanie  rock.  The 
specimens  obtained  are,  hov^ver,  imperfect.  There  is  only  sufficient 
of  the  cephalic  shield  seen,  to  show  that  it  is  much  more  highly  ardied 
than  the  preceding. 

The  Menominie  trilobite  grit,  situated  abont  forty  or  fifty  feet  abore 
the  btrest  trilobite  bed,  is  characterised  by  a  minute  species  of  trilobite^ 
chiefly  remarkable  on  account  of  a  spinous  appendage,  which  has  its 
origin  at  an  angle  in  the  middle  of  the  posterior  part  of  the  glabella, 
and  projects  upward  and  backward  in  the  median  line  of  the  body. 
The  glabella  in  this  species  has  only  one  distinct  transTerse  fonrowi 
immediately  in  rear  oi  the  origin  of  this  spinous  process. 

To  conrey  an  idea  of  the  abundance  of  this  species  in  the  grits  of 
the  Henominie  river,  it  may  be  stated  that  oa  a  specimen  measuring 
three  inches  square,  more  than  a  hundred  indiyiduals  can  be  counted. 
The  outlines  of  the  impressions  are  sharp  and  well-defined ;  uafortu* 
nately,  however,  the  cephalic  and  caudal  shields  of  the^e  trilobites  are 
mostly  detached  from  the  dioracio  segmes^,  which  latter  sjfe  seldaia 
preserved ;  the  wing  shield,  too,  is  generally  separate  from  the  glabella* 
This  renders  the  study  of  these  ancient  trilobites  difficult,  especially 
as,  in  the  pure  gritstones,  they  are  mostly  oasts  of  the  inner  surfiiee  of 
their  shelly  covering. 

In  1849,  Dr.  Shumard  found  in  Green  sandstones^  above  tiie  level  of 
of  the  Mississ^pi,  near  the  head  of  Lake  Fepin ;  and  also  on  the 
Wisconsin  river,  the  remidns  of  Crinoidea.  This  eneriaital  bed  lies 
some  forty  feet  below  the  St.  Ooiz  trilobite  bed. 

Specimens  of  both  Orthis  and  Spiri&r  occur  at  a  lower  level  between 
these  crinoidal  beds  and  the  Mineska  trilobite  grits. 

A  fuller  description  of  these  various  species  of  trilobites,  which 
belong,  probably,  to  more  than  one  genus,  is  in  course  of  preparatkm 
for  the  final  report  on  the  Geology  of  the  Korth-west.  The  object  of 
this  short  notice  is  merely  to  show,  in  connection  with  the  apecioMM 
exhibited*  that  Crustacea  do  actually  occur  in  Wisconsin,  Iowa,  and 
Minnesota,  even  as  low  doim  in  the  unaltered  sedimentary  strata,  ss 
any  oi^anic  relics  have  yet  been  traced ;  and  that  the  oldest  saadstonas 
of  that  country  contain  also  Spari/er,  OifMs,  OMub,  end  Iremabs  ef 
crinoidea,  besides  Lm^en  and  OrUeuhs. 
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4.  On  a  MoDnnoATioir  07  Apparatus  fob  the  RxaiSTBAstoir  op 
Ghu  POR  AsTBoiroiaoAL  Pubposis.  BjWk.  WrsDuiAff,  of  Wash- 
BigtcHi.    (In  a  letter  to  Professor  Hbkbt.) 

WoBkk^lian,  April  3B,  1851. 

Pbov.  J08SPH  HxHBr,  Seoretarj  of  aauthsoniaii  IsBtitiriion:  When 
yon  &Tored  me  -with  tlie  order  for  a  register  of  time,  to  be  attached  to 
ihe  Kessels  olook^  70a  left  me  unrestricted  as  to  the  kind  or  fhe  man* 
ner  of  constraction  to  be  adopted.  The  desideratum  of  a  perfect 
meehaaical  time  register^  haTing  of  Ute  grown  to  be  a  matter  of  con- 
Merable  importance,  so  as  to  occupy  the  mh^is  of  men  well  known  to 
the  scientific  world,  I  gladly  seized  the  pr^^red  opportunity  of  con- 
tributing a  portion  toward  that  object,  as  fer  as  my  limited  knowledge, 
j<Hned  to  &e  experience  of  others,  would  permit. 

Haying  now  matured  my  plans,  I  herewith  have  the  honor  to 
communicate  them  to  you,  in-  as  brief  a  maimer  as  it  can  be  done 
intelligibly. 

1.  2%e  Governor. — The  principal  difficulty  to  overcome  lay  in  ^ 
construction  of  a  goyemor,  that  would  reduce  the  inequality  of  rotary 
moyement  in  the  recording  cylinder,  to  the  smallest  possible  amount. 
While  consideii^  different  expedients,  I  became  indebted  to  my 
friend,  Mr.  J.  E.  Hilgard>  of  the  United  States  iDoast  Suryey,  for  the 
idea,  diat  presented  to  my  mind  the  fewest  objections,  theoretically  as 
well  as  practieaUy.  It  consists  in  an  arrangement,  Ihat  makes  the 
galyano-magnetic  power,  as  called  into  existence  for  a  moment  at 
eyery  beat  of  the  second  pendulum  of  an  astronomical  clock,  the  regti* 
lating  agent,  in  producing  by  mechanical  contriyances,  tk  permanent 
change  in  &e  friction  goyemor,  that  remains  eyen  after  the  airival  at, 
or  return  to,  the  desired  rate. 

And  in  this  it  <fiffers  essentially  from  all  governors  heretofore  em- 
ployed, frt>m  the  governor  of  a  steam  engine,  to  that  of  an  equatorial 
telescope  movement,  all  of  which,  after  correcting  the  disturbed  rate, 
return  to  their  former  position,  which,  the  disturbing  cause  remaining, 
soon  reproduces  the  necessity  of  continued  regulation,  until  finally, 
H  can  only  attain  a  medium  rate  between  the  power  of  disturbance 
and  that  ct  the  governor. 

Whatever  may  be  the  circumstances  tiiat  will  affect  the  rate  of  the 
register,  whether  permanent,  such  as  wear,  or  temporary  and  local, 
such  as  changes  of  temperature  or  intervention  of  dust,  it  wiQ  imme- 
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diately  (in  the  course  of  a  second)  fully  and  permanently  be  compen- 
sated  for. 

The  mechanical  arrangaments  for  this  purpose,  ecmsut  of  a  metallic 
disk  of  about  four  inches  diameter,  haying  one  half  of  its  circimifer- 
ence  raised  above  the  other,  about  one-twentieth  of  an  inch.  On  this 
circumference  lies  the  end  of  a  lever,  kept  in  contact  with  it  by  the 
slight  pressure  of  a  spring.  The  other  end,  beyond  the  lever's  ful- 
crum, and  at  a  right  angle  to  the  first,  terminates  in  a  dick,  catching 
into  a  segment  of  a  spur  ratchet  wheel,  whenever  the  lever  runs  on 
the  lower  half  of  the  disk's  circumference ;  but  is  lifted  out  when  on 
the  raised  half.  This  lever  is  attached  to  a  rod  that  receives  a  moti<m 
from  an  electro-magnet,  sufficient  to  produce  a  change  of  one  tooth  of 
the  ratchet,  either  backward  or  forward,  whenever  a  galvanic  circuit  is 
made.  Another  click,  shaped  something  like  an  anchor,  holds  c<m- 
stantly  the  ratchet  in  position,  except  during  the  instant  of  a  regula- 
ting movement.  A  pin  on  the  direct  action  click,  catches,  during  the 
forward  movement,  a  short  lever  on  the  anchor  click,  lifting  it  from 
the  ratchet,  while  the  opposite  end  falls  into  it,  preventing  it  to  move 
more  than  one  tooth  at  a  time.  A  metallic  ring,  held  against  the 
revolving  disk  by  an  angular  lever,  receives  a  pressure  against  it  by  a 
spring  attached  to  the  radius  of  the  ratchet. 

A  second  spring,  whose  tension  is  adjustable  by  means  of  a  screw 
with  a  divided  head,  b  attached  to  the  outer  end  of  the  lever.  The 
disk  has  on  the  other  side  a  pin  fixed  near  the  circumference,  which  at 
each  revolution,  for  a  moment  lifts  up  a  lever,  to  the  end  of  which  is 
attached  a  conducting  wire  from  the  battery,  dipping  it  into  a  globule 
of  mercury,  through  which  the  circuit  is  made.  This  lifting  takes 
place  at  the  moment  when  the  runner  slips  from  the  higher  to  the 
lower  portion  of  the  disk,  which  is  the  time  of  perfect  agreement  be- 
tween the  register  and  clock,  and  the  time  at  which  the  spark  is  trans- 
mitted from  the  battery  by  the  clock ;  but  the  connecting  wire  being 
lifted  out,  no  circuit  is  made,  and  no  action  can  take  place  by  the 
regulfiting  magnet.  If,  however,  it  goes  too  fast,  the  connection  will 
have  been  restored,  when  the  spark  is  transmitted,  the  runner  will  be 
on  the  lower  half,  and  let  the  click  into  the  ratchet,  which,  receiving  a 
momentary  push  from  the  electro-magnet,  will  force  the  ratchet  one 
tooth  forward,  and  tightening  the  friction  spring,  by  increased  friction 
retard  the  run  of  the  register.  If,  on  the  contrary,  its  motion  is  too 
slow,  the  runner  will  be,  at  the  moment  of  clock  circuit,  on  the  raised 
half  of  the  disk,  the  direct  action  clock  lifted  off  the  ratchet,  and,  by 
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the  force  of  the  magnet,  the  anchor  elide  made  to  let  go  the  ratchet 
one  tooth  backwards,  which,  alackening  the  £rictiott  spring,  will  in- 
crease the  speed  of  the  register.  The  mam  regulation  being  first 
made  by  the  other  spring,  attached  to  the  micrometer  head  screw,  the 
ratdiet  spring  only  seryes  to  equalize  smaH  differences,  and  is  in  pro- 
portion so  much  weaker,  in  order  not  to  produce  too  great  a  change  by 
a  single  regulation.  If  now  the  length  of  circumference  of  the  disk 
>«  12  inches,  the  connection  being  broken  for  ''no  regulation"  while 
the  runner  passes  oyer  ^  of  an  inch,  the  greatest  error  at  whidi  no 
regulation  takes  place,  will  be  ^  j^  of  a  second,  either  way. 

The  act  of  regulation  being  however  easily  obserraUe,  eyen  that 
small  portion  can  be  brought  into  account,  wheneyer  it  is  required  to 
note  more  minute  differences  of  time.  If  the  range  of  the  ratchet 
should  be  found  to  be  too  small,  proyisioncan  be  made  that,  at  a  cer- 
tain  limit  of  ratchet  motion,  the  other  and  more  powerful  spring  is 
made  to  change  its  tension. 

2.  For  the  tranimisMon  of  the  ffalvame  curreni  hy  the  dock,  the  wire 
laid  through  the  lower  portion  of  the  clock  case,  where,  below  the 
pendulum,  it  terminates  with  a  metal  cup,  containing  a  globule  of 
mercury.  Another  cup,  placed  near  it,  and  at  a  right  angle  with  the 
motion  of  the  pendulum,  begins  the  continuation  wire  to  the  register. 
A  forked  point  is  so  attached  to  the  end  of  the  pendulum,  that  both 
ends  pass  through  the  two  mercury  globules  at  the  same  time ;  thus 
making  a  momentary  circuit  eyery  second.  The  circuit  passes  through 
three  dtferent  coils,  arming  at  the  same  instant  as  many  electro-mag- 
nets, as  often  as  their  power  is  required. 

The  register  whed-toark,  consists  of  three  spur  wheels  and  the  same 
number  of  pinions.  The  first  wheel  of  seyenty  cogs,  performing  one 
reyolution  in  fiye  minutes,  turns  with  its  barrel  on  a  steel  shaft,  but  is 
forced  forward  by  two  0  springs,  similar  to  those  that  keep  a  clock  in 
OMHion  while  it  is  being  wound  up.  These  springs  are  attached  to  a 
spur  ratchet  wheel  of  three  hundred  teeth.  Two  clicks  catch'into  this 
wheel ;  one  that  keeps  it  in  place  while  the  winding  up  clock  recedes, 
serying  also  to  giye  to  the  springs  the  necessary  tension  in  tiie  begin- 
ning ;  the  other,  an  anchor  click,  keeps  up  this  tension,  by  forcing  the 
wheel  forward  one  tooth  eyery  second,  through  an  electro-magnet 
made  by  the  clock  pendulum.  ''The  break"  is  made  by  a  -|*  to  the 
seyenty  c<^ged  wheel.  Beyolving  once  in  fiye  minutes,  it  has  fiye 
side  pins  near  its  circumference,  that,  passing,  lift  a  leyer  that  breaks 


Digitized  by 


Google 


176  PROOIVDIBOS  or  THB  AMSBIOAS  ABBOOIATION 

the  connection  for  the  recording  electro-magnet,  four  times  during  one 
second,  and  the  fifth  time  during  two  seconds. 

To  make  the  register  break  agree  with  the  astronomical  clock,  a 
jointed  hand  or  index  is  attached  to  the  outside  of  the  axis^  which  can 
be  moved  against  a  stop,  at  the  moment  that  ihe  clock  beats  the  Ihxee 
hundredth  second,  when  the  joint  will  give  way»  and  the  hand  move 
on  without  obstruction. 

The  second  shaft  or  axis  has  a  fixed  pinion  of  fourteen  cogs,  rerolTes 
consequently  once  in  one  minute.  To  Uiis  shaft  the  recording  cylinder 
is  attached.  It  has  also  a  wheel  with  ninety-six  cogs,  driving  the 
third  shaft  with  a  twelve  cog  pinion,  at  the  rate  of  one  revolution 
during  seven  and  a  half  seconds.  This  again,  with  a  wheel  of  ninety 
cogs,  gives  to  a  fourth  shaft  the  velocity  of  a  revolution  in  one  second, 
through  a  twelve  cog  pinion.  It  is  on  this  shaft  that  the  friction  gov- 
ernor is  applied,  as  described  in  the  beginning.  It  has  also  a  metal 
disk,  larger  than  that  of  the  governor  disk,  thai  serves  for  Ihe 
axis  of  a  fly  wheel  about  seven  and  a  half  inches  in  diameter,  to 
run  upon.  This  fly  wheel  axis  holds  on  the  disk  hy/riethn  <mly,  as  by 
any  other  means  it  is  impossible  to  avoid  the  shake  or  elasticity,  con- 
sequent upon  application  of  cogs  or  bands  for  the  increase  of  q>eed. 
For,  as  the  fly  wheel  receives  its  impulse  from  the  machinery  it  is 
intended  to  regulate,  if  this  impulse  from  some  cause  temporarily 
diminishes,  the  fly  wheel  speed  will  be  greater  than  that  of  tiie  ma- 
chinery, which  to  aid  over  the  abstraction,  it  first  mutt  go  back  in  the 
looseness  of  the  cogs  or  the  elasticity  of  belts,  before  its  influence  can 
be  felt,  and  thus  large  errors  in  the  subdivision  of  seconds  are  likely 
to  occur. 

SnW  recordiaiig  ptUy  in  order  to  leave  the  other  worioi  unencumbered 
by  it,  is  moved  along  the  cylinder  by  a  sepanute  contrivance,  consist- 
ing of  sliding  ways  with  a  screw  the  whole  length  between,  that  on 
one  end  has  a  spur  ratchet  wheel  with  sixty  tee<^,  of  whieh  one  tooth 
is  moved  every  second  by  the  same  electro-magnet»  that  keeps  the 
works  wound  up.  It  will  consequentiy  perform  one  revolution  per 
minute,  moving  the  recording  pen  in  the  same  time  one  thread  of  the 
screw.  To  save  recording  surdRoe,  while  no  observation  is  in  progress 
both  the  screw  and  pen  can  at  any  moment  be  thrown  out  of  action, 
while  the  other  woxks  move  on. 

The  objects  of  importance  attamed  by  this  register  are : 

1.  A  governor  that  immediately  and  permanently  compensates  for 
all  disturbances  within  a  very  smsdl  fraction  of  a  second. 
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2.  The  wheelwork  is  reduced  to  the  smallest  practicable  number  of 
geared  pieces ;  these  being  most  liable  to  inequalities  of  motion,  less 
chance  of  error  from  this  source  is  given. 

S.  Haying  no  driving  weight,  it  becomes  much  more  compact  and 
easily  transferable  from  one  place  to  another. 

4.  With  the  exception  of  the  small  fork  at  the  end  of  the  pendu- 
lum, all  fixtures  to  the  astronomical  clock  are  avoided;  ''the  break" 
being  attached  to  the  register. 

5.  There  remains  no  cause  for  disturbing  the  register  during  the 
progress  of  observation  in  winding  it  up,  as,  once  set  in  motion,  it  will 
continue  as  long  as  its  connection  with  the  battery  through  the  pendu- 
lum remains  unbroken.        Very  respectfully. 

Your  most  obedient  servant, 

Wm.   WURDEMAITN. 


FIFTH  DAY:   FRIDAY,  MAY  9,  1851. 
(Morning  Session.) 
Association  met  at  9^  A.  M.    Prof.  Bachb  in  the  chair. 

The  following  recommendations  and  communications  of  the  Stand- 
ing Committee,  were  presented  and  adopted : 

1.  That  the  members  of  the  Association  visit  the  Cincinnati  Observ- 
atory on  Saturday  afternoon  and  evening,  and  the  Orograph  of  Messrs. 
SeUers  and  Whetstone  on  Saturday  morning. 

2.  That  the  following  gentlemen  be  a  committee  to  receive  the  Mss. 
of  the  Proceedings  of  the  Cincinnati  Meeting  from  the  Permanent 
Secretary,  to  contract  for  the  publication  of  the  same,  and  to  carry 
the  volume  through  the  press,  subject  to  the  revision  of  the  Perma- 
nent Secretary : 

Hon.  Jacob  Bubkbt,  Chairman. 
JoHK  P.  FooTi,  Esq.,  Jab.  W.  Wari>,  Esq., 

Prof.  0.  M.  Mitchel,  J.  G.  Ain:HOi!rY,  Esq., 

Taos.  Bjliisxt,  Esq.,  R.  Buchanan,  Esq., 

Oso.  Orabam,  Esq. 
12 
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3.  That  the  Association  adjourn  this  evening  at  the  close  of  the 
exercises  abeady  appointed. 

4.  That  the  following  named  gentlemen  be  committees  to  examine, 
in  conjunction  with  the  Permanent  Secretary,  all  papers  submitted  for 
publication,  with  authority  to  present  abstracts  of  the  communications 
instead  of  full  papers,  and  to  omit  the  publication  of  any  paper  which 
they  do  not  approve,  returning  the  same  to  the  author  if  desired  : 

McUhemaiics  and  Physics. — ^Profs.  Psntos,  Henbt  and  Bacbb. 

Oedogy,  Mineralogy  and  Chemistry, — Mr.  Foster,  Profs.  Hall  and 
Dana. 

Zoology  and  Botany, — Prof.  Aoassiz,  Drs.  Tobrsy  and  Lbidt. 

6.  That  the  following  gentlemen  be  appointed  to  report  the  dis- 
cussions of  the  present  day :  Pro£s.  Hall  and  Agassiz,  Mr.  Wells, 
Prof.  Bache,  Mr.  Foster,  Drs.  Engelmann  and  Yakdell. 

Prof.  Bache  then  resigned  the  Chair  to  Mr.  Foster,  and  the  reading 
of  papers  commenced. 

1.  Report  on  the  Vertebrate  Fossils  Exhibited  to  the  Association. 
By  Prof.  L.  Agassiz. 

{Abstract.) 

These  fossils  are  very  important  and  very  interesting.  The  Com- 
mittee has  had  so  little  time,  that  it  can  only  select  a  few  of  the  most 
prominent  for  notice  this  morning. 

Less  attention  has  been  paid  to  the  vertebrata  of  the  West,  than  the 
other  fossils.  The  specimens  are  yet  very  incomplete,  and  many  of 
the  species  not  described.  I  can  now  merely  call  the  attention  of  the 
Association  to  this  deeply  interesting  subject,  and  would  wish  to  retain 
some  of  the  specimens,  for  future  examination  and  discussion. 

No.  1,  is  a  fish  procured  and  presented  by  Prof.  Brainerd  of 
Cleveland. 

The  specimen  is  from  a  stratum  of  coarse-grained  sandstone,  called 
in  the  Ohio  Reports,  the  "grindstone  grit,"  which  is  thirty-eight  to 
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forty  feet  thick,  its  lower  face  about  two  hundred  and  twenty  feet 
above  Lake  Erie,  and  its  superior  face  one  hundred  and  forty  feet  be- 
low the  conglomerate. 

It  was  found  at  Chagrin  FaUs,  18  miles  southeasterly  from  Cleve- 
land, and  belongs  to  a  subdivision  of  the  genus  Falaeniscus. 

No.  2,  is  a  buckler  headed  fish,  presented  by  Dr.  Norwood,  of 
Madison,  Indiana.  Its  exterior  is  covered  with  bony  plates,  forming  a 
shield  resembling  the  Chelonian  reptiles.  Its  cuirass  is  of  that  class. 
It  is  deeply  interesting,  as  representing  a  very  ancient  period  of  the 
fossil  fishes,  and  to  be  discussed  in  reference  to  the  origin  of  the  foot- 
prints of  the  lowest  sandstones. 

This  specimen  is  situated  near  the  surface  of  the  Cliff  Limestone  of 
Ohio  and  Indiana,  a  few  miles  from  Madison. 

There  are  also  other  fishes  with  spines  shown  to  us,  from  Dr.  D.  D. 
Owen,  of  New  Harmony,  found  at  Levenport,  Indiana,  which  resem- 
ble the  carboniferous  fishes  near  Bristol,  in  England. 

No.  3.  This  is  a  jaw.  of  the  genus  Mt/licbaies,  belonging  fi>  the  ter- 
tiary presented  by  Col.  Wailes,  of  Mississippi.  Most  of  the  genus 
have  spines.  It  is  a  new  species,  and  we  can  now  only  recommend 
it  for  further  study. 

No.  4.  Procured  and  presented  by  D.  Christy,  Esq.,  of  Oxford, 
Ohio,  from  the  upper  part  of  the  Cliff  Limestone  of  Delaware,  Dela- 
ware county,  Ohio.  It  is  part  of  the  jaw  of  some  undescribed  gan- 
oid fish,  requiring  a  close  study  and  examination  under  a  microscope, 
to  determine  its  character. 

No.  5.  These  are  some  very  interesting  mammalia.  A  jaw  with, 
teeth  of  a  large  Hodent,  (Castaroides  ohioensis,)  the  same  as  men- 
tioned in  the  Ohio  Reports  by  Mr.  Foster.  It  is  from  the  gravel  at 
Nashport,  on  the  Ohio  Canal,  in  Licking  county.  Similar  bones,  with 
the  skull,  have  been  found  in  New  York.  The  whole  require  elabo- 
rate study. 

No.  6.  Part  of  the  lower  jaw  of  a  Pachyderm^  the  species  not 
known,  but  no  doubt  allied  to  the  tapir.  Presented  through  Prof. 
Brainerd  by  Geo.  E.  White,  Esq.,  engineer  of  the  Cleveland  and 
Pittsburg  railroad  company,  with  many  new  and  interesting  shells 
from  the  same  locality,  belongmg  to  the  coal.  The  jaw  was  taken 
from  an  erosion  in  the  coal  series,  on  Yellow  Creek,  Columbiana  county, 
Ohio,  beneath  thirty  feet  of  white  clay ;  elevation  two  hundred  and 
eighty  feet  above  Lake  Erie. 

No.  7.    The  skull  of  the  Bos  bamln/rons,  from  the  Arkansas  river. 
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It  is  described  in  the  first  volume  of  the  Transactions  of  the  Philo- 
sophical Soctety  of  Philadelphia,  but  this  specimen  is  much  more  per- 
fect than  that.     Presented  by  Thomas  Kite,  of  Cincinnati. 

The  specimens  before  us  show  how  much  is  to  be  done  toward  com- 
pleting our  knowledge  of  the  fossil  mammalia  of  the  West.  This 
skidl  is  important,  because  it  may  enable  us  to  trace  the  relaticm  be- 
tween the  living  and  the  extinct  species. 

2.  Report  on  the  Invertbbratk  Fossils  exhibited  to  the  Asbo- 

ciATioN.  By  Prof.  Jambs  Hall. 

\^Nbi  received."] 

Mr.  Christy  followed  the  remarks  of  Prof.  Hall,  by  a  word  of 
explanation,  stating  more  fiilly  the  views  of  M.  de  Vemeuil  in  refer- 
ence to  the  Bockford  Gloniatites.  M.  Y.  had  remarked  in  one  of  bis 
letters,  that  these  (Joniatites,  in  the  structure  of  then:  septa,  present  a 
curious  blending  of  the  forms  of  the  Carboniferous  and  Devonian 
Goniatites,  which  makes  them  exceedingly  interesting ;  hence  his  anx- 
iety to  ascertain  their  true  geological  position. 

3.  On  the  HisTORr  and  Nomxnclatxtre  of  some  Cultivathd  Vegeta- 

bles.    By  Dr.  T.  W.  Harris,  of  Cambridge,  Mass. 

(Abstract.) 

The  errors  that  have  grown,  and  spread,  and  multiplied,  with  the 
lapse  of  time,  in  this  neglected  field  of  research,  said  Dr.  Harris, 
require  to  be  cleared  away.  De  CandoUe  remarked  that  the  species 
of  the  genus  Cucurbita,  ought  to  be  worked  out  anew.  The  names  of 
the  pumpkin  and  squash  are  no  longer  used  precisely  in  theur  original 
sense. 

In  general,  they  are  the  fruits  of  the  plants  belonging  to  the  mis- 
called genus  CucurUta,  as  now  restricted  by  Meissner  and  Endlicher. 
The  illustrious  Linnseus,  following  in  the  steps  of  his  botanical  prede- 
cessors, for  whose  errors  he  is  not  to  be  held  accountable,  gave  the 
names  of  CucurbUapepo  and  Cucurbita  melqpepo  to  those  kinds  of 
pumpkins  and  squashes  that  had  been  longest  and  best  known.  He 
added  to  the  list  one  more  old  species,  the  verrucosa,  and  a  new  one, 
the  omferOf  said  to  have  been  brought  by  Lerche  from  Astrachan. 
Several  more  species  are  now  enumerated  in  scientific  works,  some 
separated  from  the  Pepo  of  Linnseus,  (C.  maxima  and  0.  mosckata,) 
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and  others  more  recently  detached  and  characterized.  Most  of  the 
pumpkins  and  squashes  that  are  cultivated  in  the  United  States  as 
articles  of  food,  have  been  referred  to  the  Linneean  species.  Erer 
since  the  time  of  Caspar  Bauhin,  whose  ''Pinaz''  seems  to  have 
serred  as  the  basis  of  botanical  nomenclature,  it  has  been  taken  for 
granted  that  the  pumpkins  and  squashes  were  the  p^^ones  and  mdo- 
pqxmes  of  the  Greeks  and  Romans.  If  this  l^e  admitted,  it  must 
follow  that  pumpkins  and  squashes  were  not  only  well  known  to  the 
ancients,  but  that  they  were  natives  of  the  Eastern  continent,  to  which, 
indeed,  the  most  common  kinds  are  actually  assigned  by  modem  bota- 
nists. Dr.  Harris,  however,  shows  that  the  pqxmes  and  mdopeponet 
of  the  Greeks  and  Romans,  were  not  pumpkins  and  squashes — ^that 
the  latter  were  unknown  to  the  ancients ;  that  they  did  not  begin  to  be 
known  in  Europe  until  after  the  discovery  of  America  ;  and  that  they  are 
natives  of  America.  He  traces  out,  in  this  paper,  a  detailed  account  of 
the  ancient  vegetables ;  proves  that  the  musk-melon  which  has  been  long 
known  and  cultivated  in  Greece,  is  now  called  by  the  modem  Greeks 
jpeponi,  a  word  derived  from  the  ancient  name  of  the  fruit ;  that  the 
monuments  of  Egypt,  though  containing  representations  of  many  other 
plants,  have  none  that  can  be  referred  to  the  peculiar  products  of  which 
this  paper  treats ;  and  that  writers  on  materia  medica  enumerate  four 
kinds  of  cold  and  demulcent  seeds,  namely,  those  of  the  citrul,  cucum- 
ber, gourd  and  melon ;  but  make  no  mention  of  those  of  pumpkins 
and  squashes,  which  are  included  in  the  list  by  modern  physicians. 

The  common  nomenclature  of  the  cucurbitaceous  plants,  in  the 
languages  of  Europe,  has  become  very  much  confused,  many  of  the 
names  now  embracing  species,  and  even  genera,  to  which  they  did  not 
originally  belong.  The  European  gourd  or  calabash,  originally  a  native 
of  southern  Asia,  took  its  names  mostly  from  the  Latin  Oticurhiia.  It  * 
was  known  to  the  Anglo-Saxons,  and  was  by  them  called  cyrfoet. 
Though  long  cultivated  by  the' Romans,  by  whom,  perhaps,  it  may 
have  been  carried  to  Britain,  it  was  not  generally  introduced  in  western 
Europe  until  the  time  of  Charlemagne,  who  greatly  encouraged  its 
cultivation.  Tragus,  who  wrote  in  the  early  part  of  the  sixteenth  cen- 
tury, gave  the  first  good  figure  and  intelligible  description  of  it.  The 
French  call  it  courge;  the  English,  gourd;  the  Germans  and  Swedes, 
kwrUs  :  the  Dutch,  kauwoerde ;  the  Spanish,  calabaza,  and  the  Portu- 
guese cabaqa ;  all  which  names  are  derived  from  Cucurbita.  The  old 
names  abdbora  abdbara,  by  which  it  was  known  in  Portugal,  and  the 
Danish  grosshar,  are  of  uncertain  origin.    Zucche  and  zucca,  the  Italian 
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names  for  the  gourd,  are  probably  derived  from  the  Greek  siktta. 
Citrouelle,  was  the  old  French  name  for  the  water-melon,  which  is 
equivalent  to  the  English  ciirulf  and  to  the  pharmaceutical  cUruUtis.  All 
these  European  names  were  afterward  applied  to  pumpkins  and  squashes. 
The  old  botanists  by  whom  these  fruits  were  first  described,  were 
chiefly  Brunfelsius,  Tragus,  Fuchsius,  Cordus,  Matthiolus,  Turner, 
Dodonaeus,  Lobelius  and  Dalechamp — all  of  whom,  except  Lobelius, 
died  before  the  year  1600.  The  name  squash  was  obtained  by  our 
forefathers  from  the  Indians,  together  with  the  fruit  to  which  it 
belonged.  It  is  worthy  of  note  that  John  Eliot,  the  apostle  of  the 
Indians,  in  his  translation  of  the  Bible  into  the  language  of  the  Mas- 
sachusetts Indians,  which  was  first  printed  in  1663,  and  was  the 
first  Bible  printed  in  America,  could  find  no  other  words  for  cucum- 
bers and  melons,  occurring  in  Numbers  xi.  5,  than  askootasquash  and 
monaskociasquash,  hereby  indicating  that  these  fruits  were  unknown  to 
the  Indians  by  name.  It  seems,  however,  that  the  Indians  had  a  name 
for  gourd ;  for  Eliot  renders  this  word  quonooask,  in  Jonah,  iv.  6,  7,  9, 
and  10.  Several  of  the  French  Missionaries  in  Canada  have  mentioned 
the  cUr<melle  cultivated  by  the  Indians.  A  number  of  extracts  from 
early  voyagers,  were  cited  by  Dr.  Harris  in  this  connection,  which 
prove  that  the  vegetables  alluded  to  were  in  common  use  among  the 
aborigines  through  the  whole  extent  of  country  from  Florida  to  Canada, 
and  probably  far  to  the  west;  and  hence  they  could  not  have  been  derived 
from  Europeans,  even  if  they  were  not  originally  indigenous  to  the  soil. 

4.  SoMK  Remarks  on  the  Geology  of  the  State  op  Missouri.   By  Dr. 
H.  Kino,  of  St.  Louis. 

The  entire  area  of  the  State  of  Missouri,  since  the  definite  settle- 
ment of  its  boundary  line  between  the  States  of  Arkansas  on  the 
south,  and  Iowa  on  the  north,  is  about  sixty-seven  thousand  square 
miles.  It  is  divided  into  two  nearly  equal  portions,  north  and  south, 
by  the  Missouri  river,  which  crosses  it  in  a  nearly  east  and  west  direc- 
tion. It  was  my  intention  to  have  confined  my  remarks  to  that  portion 
lying  south  of  this  river ;  but  the  paper  submitted  at  the  present  meet- 
ing from  Dr.  D.  D.  Owen,  U.  S.  Geologist,  no  doubt,  otherwise,  as 
correct  as  it  was  interesting,  containing  some  inaccuracies,  or  inconsis- 
tencies with  the  information  I  have  collected  as  to  the  outlines  of  the 
coal  deposits  and  Carboniferous  formation  of  this  portion  of  the  State 
of  Missouri,  I  shall  take  occasion,  when  treating  on  these  subjects,  so  far 
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to  overstep  the  limits  which  I  originally  proposed  in  this  paper,  as  may 
be  necessary  to  give  my  views  on  them. 

With  this  exception,  I  shall  confine  my  remarks  to  the  country  south 
of  the  Missouri  river.  What  I  have  to  say  is  almost  exclusively  the 
result  of  my  own  observations,  made  from  extensive  explorations,  and 
in  small  part,  from  reliable  mformation  which  I  have  been  able  to 
collect  from  others  during  the  explorations.  Notwithstanding  I  have 
devoted  much  time  to  this  subject  during  the  last  twelve  or  fourteen 
years,  with  the  most  anxious  desire  to  increase  my  knowledge,  I  am 
still  conscious  that  a  great  deal  remains  to  be  done ;  that  many  more 
years  of  constant  exploration  and  careful  observation,  are  necessary  to 
work  out  a  correct  and  complete  account  of  this,  highly  interesting  por- 
tion of  the  United  States.  What  I  have,  therefore,  to  present  to  the 
consideration  of  the  Association,  must  be  considered  rather  as  a  sketch, 
the  outlines  of  which  may  be  assumed  to  be  generally  correct,  but 
whose  complete  filling  up  will  require  considerable  more  time  and 
observation. 

The  geological  formations  of  this  region  consist  of  the  Primitive,  the 
^urian.  Carboniferous,  and  Cretaceous  ?  together  with  the  more  recent 
alluvial  and  diluvial  deposits,  common  to  the  whole  of  this  portion  of 
the  Mississippi  valley.  I  shall  confine  my  observations,  however,  to 
the  three  first  named;  the  alluvial  and  diluvial  deposits  presenting 
nothing  of  peculiar  interest,  whilst  the  supposed  Cretaceous  or  Green- 
sand,  occupying  a  somewhat  isolated  position  in  the  south-eastern 
portion  of  the  State,  has  not  yet  become  the  subject  of  my  explorations. 
To  make  my  remarks  more  intelligible,  and  of  more  ready  apprecia- 
tion, I  have  prepared  several  sections,  crossing  the  formations  in 
different  directions,  starting  from  and  terminating  at  different  points ; 
and  also  several  diagrams,  to  elucidate  more  clearly  local  phenomena  ; 
but  as  none  of  these  will  accompany  this  paper  in  its  printed  form,  I 
shall  endeavor  to  make  my  remarks  comprehensible,  without  their 
assistance. 

Instead  of  describing  geographically  the  outlines  of  each  formation, 
which  would  require  considerable  familiarity  with  the  topographical 
and  political  divisions  of  the  State,  to  understand  without  constant 
reference  to  the  map,  I  shall  follow  these  formations  as  they  present 
themselves  in  the  large  profile  or  section  which  I  have  the  pleasure 
of  exhibiting  to  the  Association.  This  will  enable  me  to  give  a  very 
correct  general  idea  of  the  stratigraphical  relationship  of  the  forma- 
tions, whilst  by  occasional  reference  to  the  small  diagram  which  I 
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have  prepared  for  the  purpose,  I  shall  be  able  to  make  sufficiently  near 
approximation  to  the  several  superficial  areas  and  relative  positions. 
This  section  is  mtended  to  show  the  geological  character  of  the  coun- 
try from  St.  Louis,  in  a  direction  a  little  west  of  south,  to  the  Iron 
Mountain  and  Pilot  Knob.  Extending  about  eighty  miles,  it  embraces 
our  three  great  or  principal  formations — Carboniferous,  ^urian,  and 
Primitive.  The  horizon  or  level  from  which  we  take  our  departure,  is 
near  the  upper  surface  of  that  limestone  on  which  St.  Louis  is  built, 
and  which  some,  in  their  zeal  to  make  every  thing  American  conform 
to  a  European  type,  have  described  as  **  Mountain  limestone,"  "jYork- 
dale  limestone,"  etc.,  etc.  Without  passing  through  it,  this  limestone 
has  been  bored  into  for  more  than  four  hundred  feet,  for  the  purpose  of 
making  an  Artesian  well.  I  estimate  its  entire  thickness  to  be  between 
five  and  six  hundred  feet.  It  is  purely  a  calcareous  rock,  occasionally 
including  nodules  and  irregular  sheets,  rather  than  strata,  of  SiliciouB 
matter.  The  beds  of  which  it  is  composed  are  generally  thick,  often 
massive,  and  rarely  thin  or  shaly.  Its  general  dip  is  toward  the  center 
of  the  the  great  Illinois  coal  basin,  or  nearly  north-east ;  but  this  dip 
is  at  a  very  small  angle.  Consequently,  rising  slowly  as  we  advance 
over  it  in  the  direction  of  our  hue,  we  do  not  pass  its  final  or  lowest 
outcropping  edges,  until  we  have  reached  the  distance  of  some  fifteen 
or  twenty  miles  from  the  point  of  our  departure. 

Ascending  however  with  greater  rapidity  than  the  strata,  as  must 
necessarily  be  done  in  following  this  line,  the  explorer  finds  himself 
temporarily  above  this  subdivision  of  the  Carboniferous  formation, 
about  five  miles  south,  and  here  encounters  the  coal  itself,  in  a  deport 
averaging  about  four  feet  in  thickness,  and  extensively  worked  for  the 
supply  of  the  city  of  St.  Louis.  This  coal-bed  then  lies  above  this 
massive  limestone  deposit,  and  separated  from  it  by  only  a  few  feet  of 
clay,  and  is  covered  with  limestone,  with  thin  deposits  of  shale  occa- 
sionally intervening.  It  is  not  correct  to  call  this  coal  deposit  an  out- 
lier of  the  Illinois  coal  basin,  and  could  only  have  been  so  considered, 
by  looking  for  its  line  of  connection  in  an  easterly  direction,  instead  of 
a  northeasterly  one,  the  true  direction  of  the  dip  of  the  basin.  These 
mines  are  worked  in  the  extreme  south  end  of  an  angular  projection  of 
the  Illinois  coal  basin,  occupying  apparently  a  slight  depression  of  this 
form  in  the  underlying  limestone ;  one  side  of  the  angle  crossing  the 
Missouri  river  about  twenty  miles  northwest  of  St.  Louis,  the  other 
reaching  the  Mississippi  six  or  eight  miles  above  that  city ;  the  first 
connecting  with  a  similar  deposit  on  the  north  side  of  the  Missouri, 
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the  other  doubtless  haying  its  connection  with  the  coal  deposits  that 
rise  above  the  level  of  the  river,  in  the  Illinois  bluffs,  opposite  St. 
Louis.  As  these  lines  are  the  boundaries  or  outlines  of  this  coal  bed 
south  of  the  Missouri  river,  we  ought  to,  and  probably  shall  find  coal 
throughout  the  area  thej  embrace.  As  yet,  few  or  no  explorations 
have  been  made  anywhere  in  it,  in  search  of  this  material,  except  at 
the  mines  just  referred  to,  and  along  the  bluffs  of  the  Missouri  and 
Mississippi,  where  it  is  found  outcroppmg.  Whether  it  can  be  worked 
advantageously  in  competition  with  the  many  other  mines  near  St. 
Louis,  must  depend  in  a  great  measure  upon  the  quantity  and  quality 
of  the  coal,  the  depth  of  the  bed  below  the  surface,  and  the  facilities 
or  difficulties  attending  its  exploration. 

Having  thus  shown  that  these  coal  deposits  near  St.  Louis,  on  the 
west  side  of  the  Mississippi  river,  are  not  mere  outliers  or  small  de- 
tached basins  of  the  great  Illinois  coal  field,  but  in  fact  a  continuation 
thereof,  and  covering  an  area  probably  of  one  hundred  square  miles, 
let  us  proceed  with  our  remarks.  Passing  over  the  extreme  southern 
point  of  the  coal  deposit,  we  again  reach  in  tracing  out  our  original 
line,  the  underlying  limestone ;  being  the  same  as  that  on  which  we 
established  our  starting  point,  and  which  for  convenience  of  descrip- 
tion or  designation,  we  may  call  the  St.  Louis  limestone,  without  stop- 
ping to  inquire  whether  it  does  or  does  not  correspond  in  some  of  its 
features  with  some  foreign  deposit  of  this  formation.  This  limestone 
is  strictly  Carboniferous,  as  is  proven  by  its  position,  as  well  as  its 
fossils.  If  we  take  into  consideration  the  extent  of  the  great  coal 
basin  to  which  it  belongs,  and  assume  it  to  have  a  nearly  equal  area, 
and  a  thickness  averaging  what  it  has  at  St.  Louis,  it  must  be  one  of 
the  most  enormous  deposits  of  carbonate  of  lime  on  the  face  of  the 
globe. 

Below  the  limestone,  we  have  next  in  order  a  silicious  sandstone, 
generally  of  a  brown  color,  from  oxide  of  iron,  with  which  it  is  some- 
times highly  charged.  Its  thickness  is  generally  from  forty  to  one 
htmdred  feet,  and  it  comes  to  the  surface  on  the  Mississippi,  a  short 
distance  below  the  mouth  of  the  Maremec  Blver,  and  on  the  Missouri, 
about  thirty-five  miles  west  of  St.  Louis.  It  is  an  interesting  portion 
of  the  formation,  as  it  appears  to  have  some  relation  to  the  salines,  or 
salt  springs  of  the  State.  In  the  western  part  of  Missouri,  on  and 
near  the  upper  portion  of  the  Apage  river,  where  the  Carboniferous 
formation  is  still  more  largely  developed  than  in  the  eastern  part,  I 
have  always  found  the  salt  springs  close  to  this  deposit.     Whether  the 
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saline  materials  are  embraced  within  this  sandstone,  or  whether  the 
porosity  of  the  latter  makes  it  a  fitting  conduit  for  the  saline  fluids  of 
the  higher  plains  of  the  Northwest  Territory,  and  through  which  it 
finds  an  easy  passage  to  the  lower  level  of  the  States  of  Missouri, 
Illinois,  etc.,  I  am  not  prepared  to  say. 

Below  the  sandstone  is  the  second  important  coal  deposit  of  Mis- 
souri. It  appears  to  consist  sometimes  of  a  single  bed,  and  often  of 
two  beds ;  in  the  latter  case  with  a  few  feet  of  clay  and  shale  inter- 
vening. It  does  not  appear  to  have  been  found  as  constantly  as  the 
superimposed  sandstone,  and  occasionally  it  seems  to  thin  out  to  a 
single  bed  only  a  few  inches  in  thickness.  The  coal  of  this,  as  well  as 
of  the  upper  deposit  near  St.  Louis,  is  bituminous,  bums  fireely,  with  a 
long  flame,  a  slight  agglutination  of  particles,  and  leaving  a  moderate 
residuum  as  ashes. 

This  deposit  is  succeeded  or  underlaid  by  another  limestone,  whicli 
I  estimate  at  from  two  hundred  to  three  hundred  feet  in  thickness.  I 
have  generally  classed  it  as  belonging  to  the  Carboniferous  formation, 
with  some  hesitation  however,  as  some  of  its  contained  organic  remains, 
seem  strongly  to  indicate  it  as  Devonian.  But  as  I  have  not  implicit 
confidence  in  the  applicability  of  all  geological  subdivisions  made  in 
a  remote  country,  and  on  a  comparatively  limited  area,  to  the  condi- 
tion of  things  in  this  country,  I  am  not  disposed  at  once  to  concede 
this  portion  of  the  formation  of  Missouri  to  the  ''Devonian"  merely 
because  it  contains  a  few  fossils,  sometimes  considered  as  belonging  to 
that  formation  in  Europe,  while  quite  as  many,  if  not  more,  would  be 
classed  as  Carboniferous. 

Having  thus  reached  the  line  of  demarcation,  though  a  debatable 
one,  between  the  Carboniferous  formation  of  Misssouri,  and  the  forma- 
tions that  underly  it,  it  will  be  a  proper  time  to  give  the  general 
course  or  directions  of  this  line.     For  reasons  before  adverted  to,   I 
shall  not  only  give  it  from  my  own  observation  on  the  south  side  of 
the  Missouri  river,  but  from  the  best  information  I  have  been  able  to 
collect,  endeavor  also  to  follow  it  on  the  north  side  of  that  stream, 
commencing  on  the  western  boundary  of  the  State,  at  a  point  near  tlie 
head  waters  of  Sac  river,  a  tributary  of  the  Osage,  thence  northeast- 
erly nearly  with  the  course  of  that  tributary  to  its  junction  with  tlie 
Osage  river,  thence  down  the  Osage  to  the  vicinity  of  the  town   of 
Warsaw,  thence  with  an  irregular  but  generally  northeasterly  direction 
to  the  Missouri  river,  a  few  miles  west  of  Jefierson  City,  the  capital  of 
the  State,  there  crossing  the  river,  and  continuing  the  same  general 
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direction  to  Salt  river,  in  the  northeastern  part  of  the  State.  The  in- 
formation I  have  collected,  leaves  it  somewhat  doubtful  whether  the 
line  does  actually  continue  on  to,  or  near  Salt  river,  intersecting,  or 
rather  joining,  the  line  which  we  have  jet  to  follow  from  this  point 
southwardly,  or  whether  it  does  not  become  more  deflected  to  the 
north,  and  ascend  near  or  quite  to  the  boundary  line  between  Iowa 
and  Missouri.  Leaving  this,  however,  to  be  settled  by  future  investi- 
gation, and  commencing  on  Salt  river,  we  continue  the  line  in  a  gen- 
erally southerly  direction,  nearly  parallel  with  the  Mississippi  river, 
and  probably  about  thirty  miles,  as  a  general  average,  distant  from  it, 
until  it  reaches  the  Missouri  river,  opposite  the  point  to  which  we  have 
already  traced  it  on  the  south  side  of  that  river.* 

All  that  portion  of  the  State  lying  on  the  convex  side  of  the  line 
above  described  ,*  that  is,  on  the  northwest,  north  and  east,  following 
it  in  the  order  in  which  the  line  was  described,  is  Carboniferous.  It 
is  yet,  however,  to  be  determined  posUivdy,  whether  these  are  portions 
of  one  and  the  same  great  coal  basin,  or  whether  they  sure  distinct  and 
disconnected,  by  the  somewhat  elevated  range  of  land  that  divides  the 
waters  of  the  Missouri  from  those  of  the  Mississippi.  My  own  im- 
pressions are  in  favor  of  the  former,  though  if  the  latter  should  prove 
to  be  the  case,  we  shall  still  find  that  the  area  of  the  formation  in 
Missouri,  will  probably  exceed  twenty-five  thousand  square  miles. 

It  would  lead  to  no  useful  result,  to  dwell  longer  on  that  limestone 
which  I  have  already  referred  to,  as  being  the  deposit  with  which,  or 
in  which,  the  Carboniferous  formation  terminates.  I  flatter  myself 
with  being  able  at  some  future  time,  to  investigate  it  more  carefully 
than  I  have  yet  done,  and  to  determine  its  true  character. 

Passing  below  this,  we  arrive  at  a  portion  of  the  formation  that  cor- 
responds with,  perhaps  it  would  be  more  correct  to  say  that  is  a  con- 
tinuation of,  the  lead  bearing  rocks  of  the  upper  Mississippi,  and  its 
underlying  blue  limestone.  For  here  these  two  divisions  are  so  mti- 
mately  connected,  that  their  fossils  are  apparentiy  indiscriminately 
mixed  throughout  the  entire  division.  The  distinctive  lithological 
characters  existing  in  the  subdivisions  of  the  country  on  the  upper 


*  There  is  another  email  portion  of  the  Illinois  coal  basin,  that  crosses  the  Mississippi 
river  into  Misaomi,  embracing  the  town  of  St  Grenevieve,  and  a  semilonar  tract  below 
it,  but  which  is  of  comparatiTely  little  importance,  except  for  the  evidence  it  ^ves  of 
the  constant  recurrence  of  the  salt  springs,  in  this,  the  lowest  portion  of  the  formation. 
Here  the  sandstones  and  lower  limestones  occur,  but  coal  has  not  yet,  I  believe,  been 
found. 
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Mississippi  river,  are  also  lost  in  Missouri,  the  whole  being  blended 
into  one  grayish  or  ash-colored  limestone,  averaging  probably  about 
one  hundred  and  £fty  feet  in  thickness.  Some  small  veins  of  lead 
ore  occasionally  make  their  appearance  in  this  division  of  the  Missouri 
metalliferous  rocks,  but  no  where  has  it  yet  been  found  in  quantities 
sufficient  to  justify  exploration. 

With  this  division,  we  enter  upon  what  is  considered,  and  commonly 
received  in  this  country  as  the  Silurian  formation.  In  adopting  this 
name,  we  wish  it  to  be  understood  that  we  do  so,  as  we  presume  every 
other  American  geologist  does,  as  a  temporary  expedient,  to  enable  us 
to  compare  our  observations  with  those  made  by  others  under  similar 
circumstances,  and  not  as  a  fixed  system  in  our  nomenclature.  The 
investigation  of  American  geologists  has  already  shown  that  the  United 
States  has  the  entire  Palaeozoic  series  developed  on  such  a  scale,  that 
instead  of  borrowing  terms  significant  of  its  subdivisions  from  foreign 
countries,  it  has  a  right  to  aspire  to  the  honor  of  offering  a  regular 
series  of  types  to  them.  The  naming  of  these  types  is  a  subject  that 
is  very  properly  yet  held  in  abeyance,  and  it  will  doubtless  be  one  of 
the  duties  of  the  < 'American  Association  for  the  Advancement  of  Sci* 
ence,"  to  settle  the  question  for  this  country,  at  least,  if  not  for  the 
scientific  world. 

Following  in  a  descending  order  the  rock  or  deposit  which  we  have 
just  referred  to,  as  embracing  "the  Lead-bearing,"  "Magnesian  lime- 
stone," "Cliff  limestone,"  (for  these  several  names  have  been  all  used 
to  designate  it,)  and  the  Blue  limestone  which  underlies  it  on  the 
upper  Mississippi  river,  we  have  a  sandstone  exactly  corresponding,  in 
lithological  character,  to  the  sandstone  underlying  the  Blue  limestone 
of  that  region.  Like  that,  it  contains  no  fossils,  and  therefore  we  are 
obliged  to  rely,  in  determining  its  position,  upon  the  next  two  most 
important  evidences — its  stratigraphical  and  lithological  characters — 
these  exactly  agreeing  with  the  same  deposit  on  the  upper  Mississipp, 
we  have  no  other  alternative  than  to  accept  it  as  the  same. 

The  investigations  of  Prof.  Hall,  the  able  palaeontologist  of  the  New 
York  Geological  Survey,  having  determined  the  position  of  **  the  Cliff 
and  Blue  limestones,"  just  now  described,  the  latter  of  which,  at  least, 
he  says,  is  the  equivalent  of  the  Trenton  limestone,  we  have  a  horizon 
for  our  starting  point,  over  which  the  Survey  has  shed  such  a  flood  of 
light,  that  we  trust  to  find  our  way  in  the  twilight  it  spreads  over  our 
Missourian  researches.  But  we  shall  attempt  little  else,  at  this  time, 
than  to  lay  the  results  of  our  own  explorations  before  the  Association. 
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The  observations  of  a  single  indiyidiial,  under  far  more  favorable  cir- 
cumstances than  it  has  been  our  good  fortune  to  effjoy,  over  so  extended 
and  varied  an  area,  would  necessarily  be  very  imperfect:  to  draw 
hasty  and  bold  conclusions  from  them,  would  require  a  spirit  which 
he  who  has  the  honor  of  addressing  you,  trusts  is  not  one  of  his 
attributes. 

If  we  correctly  appreciate  the  determinations  of  Prof.  Hall  and 
other  eastern  geologists  who  have  extended  their  researches  into  the 
Mississippi  valley,  the  sandstone  now  under  consideration  is  by  them 
supposed  to  be  the  equivalent,  at  least,  of  the  Calciferous  sand  rock  of 
the  New  York  Survey.  If  this  could  be  determined  definitely,  on 
palaeontological  evidence,  or  even  problematically,  by  strong  lithologi- 
cal  resemblances,  its  stratigraphical  relations  might  be  accepted  as 
sustaining  the  idea.  But  as  we  are  not  aware  that  any  assistance  is 
derived  from  either  of  the  two  former,  the  argument  derived  from  the 
latter  must  be  based  upon  an  assumption  that  is  itself  to  be  proven, 
and  which  we  may  hereafter  have  occasion  to  show  is  doubtful,  in  a 
high  degree.  It  may  prove  to  be  the  Calciferous  sand  rock  of  New 
York,  or  its  equivalent;  but  it  does  not  necessarily  follow  that  it  should 
be  so  because  there  is  no  other  member  'of  the  Palaeozoic  series  of 
that  State  to  which  it  can  be  referred.  We  know  of  no  great  geological 
law  that  requires  such  an  absolute  subserviency  to  only  one  system  of 
any  country  so  varied  and  extensive  as  ours.  It  is  quite  within  the 
range  of  probability  that  this  sandstone  does  not  exist  in  the  New  York 
series ;  and  it  is  even  possible  that  there  may  be  other  great  centers  of 
formations  in  the  United  States,  besides  New  York,  or  even  the  Alle- 
ghany mountains,  from  which  not  only  the  sandstone,  but  perhaps 
some  of  those  subdivisions  which  the  New  York  system  appears  so 
ready  to  absorb,  may  more  properly  be  derived. 

This  sandstone  is  remarkable  for  its  pure  silicious  character.  Occa- 
sionally it  is  colored  slightly  by  iron,  but  generally  very  white,  and 
apparently  free  from  all  foreign  admixture.  Sometimes  hard  enough 
for  building  purposes,  it  is  more  generally  soft  or  friable,  and  easily 
reduced  to  the  condition  of  sand.  It  is  exported  in  considerable  quan- 
tities for  the  manufacture  of  the  finest  quality  of  glass.  It  frequently 
makes  its  appearance  in  the  top  of  the  hills  between  St.  (Jenevieve 
and  the  Maremec  Biver,  presenting  a  bold,  wall-like  escapement  or  bluff. 
In  these  cases  it  has  received  the  common  name  of  Boek  Fort,  in  the 
county.     Its  thickness,  I  am  disposed  to  believe,  varies  considerably. 
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but  may  be  assumed  generaUy  at  about  one  hundred  and  fifty  or  two 
hundred  and  fifty  feet. 

Next  in  order  below  this  sandstone,  we  find  a  second  deposit  of 
Magnesian  limestone,  much  resembling  the  one  above  the  sandstone 
just  referred  to ;  and  also  like,  in  many  respects,  the  same  species  of 
limestone  that  makes  its  appearance  on  the  Mississippi  riyer,  at  and 
near  the  mouth  of  the  Wisconsin  river.  It  is  generally  of  a  light 
yellow  or  buff-color,  sometimes  intermixed  with  strata  of  a  reddish 
brown  or  green.  It  is  not  often  massive,  but  generally  in  thin  beds ; 
and  when  it  crops  out,  often  gives  origin  to  numerous  barren  belts  or 
spots,  around  which  the  forest,  rising  in  all  its  primaeval  luxuriance^ 
presents  a  peculiar  semi-cultivated  aspect  to  this  region.  It  appears 
sometimes  to  have  interposed  deposits  of  sandstone,  whose  continuity 
I  have  not  been  able  to  determine.  So  far  as  my  investigations  have 
gone,  it  appears  to  be  destitute  of  fossils.  I  have  not  been  able  to 
make  a  satisfactory  approximation  of  its  thickness,  but  am  satisfied 
it  is  much  greater  than  the  last  described  magnesian  limestone  ;  pro- 
visionally, it  may  be  assumed  at  five  hundred  feet.  It  appears,  also, 
to  be  destitute  of  lead  ore  in  workable  quantities,  but  often  contains 
iron  ore  in  promising  abundance  and  quality.  We  cannot  stop  to 
inquire  to  what  particular  subdivision  of  any  of  the  systems  of  this 
country  or  Europe  it  can  be  assigned ;  the  same  difficulty  would  attend 
this,  as  the  sandstone  we  have  just  discussed.  To  give  it  a  general 
location,  to  enable  the  inquirer  to  carry  it  more  readily  in  his  mind,  it 
is  sufficient  to  say  that  it  lies  below  the  Trenton  limestone  of  the  New 
York  Survey,  and  amongst  the  lowest  of  the  Silurian  system. 

The  next  member  of  the  series  that  presents  itself  in  the  descending 
order,  is  a  sandstone,  so  exactly  resembling  the  one  last  described,  in 
its  lithological  character,  that  it  is  impossible  to  designate  any  distin- 
guishing difference,  except  that  its  lower  portion  passes,  when  fullj 
developed,  into  a  cherty  mass,  sometimes  porous,  often  compact,  and 
covering  the  tops  and  sides  of  the  hills  and  ridges  with  its  comminuted 
remains.  This  sandstone  is  generally  not  quite  so  largely  developed 
as  the  preceding  one,  and  may  be  estimated  at  about  one  himdred  and 
fifty  feet  in  thickness.  In  the  sandstone,  properly  speaking,  I  have 
never  found  any  fossil  remains  ;  but  in  its  lower  cherty  portion,  they 
frequently  occur.  Several  species  of  IdtuUes,  ^uomphalus,  Pleuroto- 
maria,  Natka  ?  are  the  forms  that  most  frequently  present  themselves, 
but  I  have  not  been  able  to  identify  any  of  them  with  those  of  similar 
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genus  of  other  countries.  If  we  assimilate  the  sandstone  last  described 
with  the  Calcareous  sand  rock  of  New  York,  surely  there  is  none  other 
left  in  that  system  to  which  we  can  assign  this  one,  than  the  Potsdam 
sandstone.  But,  to  do  this,  we  must  disregard  its  palseontological 
character,  and  rely  only  on  its  stratigraphical  relations.  But  is  this 
necessary  ?  Shall  we,  merely  to  maintain  the  order  of  a  system  that 
is  undoubtedly  very  regularly  made  out  for  the  region  to  which  it 
belongs,  disregard  this,  the  most  important  of  our  geological  means, 
in  determining  sequences,  and  place  our  confidence  in  one  far  less 
reliable  ?  Such  a  course  would  be  a  devotion  to  system  more  allied  to 
a  species  of  bigotry,  than  is  consistent  with  rigid  scientific  investiga- 
tion. This  may  be  an  independent  formation,  not  represented  in  New 
York  or  elsewhere,  and  yet  so  nearly  contemporary  with  the  first  evi- 
dences of  organic  eidstence  there,  as  to  be  associated  with  them  in  the 
same  geological  epoch.  To  deny  this,  would  be  to  assert  that  all 
primordial  existences  were  of  one  character,  and  must  have  been  cre- 
ated and  nurtured  under  exactly  similar  circumstances.  This  we  know 
is  not  the  case  ;  for  the  difference  in  lithological  character,  of  the  ear- 
liest palseontological  periods  are  as  great  as  we  suppose  the  organic 
contents  may  have  been.  Besides,  this  doctrine  of  unity  of  character 
would  also  lead  to  that  of  one  great  center  of  creation,  which  the  ima- 
gination can  more  readily  conceive,  than  we  can,  by  our  reasoning 
faculties,  prove.  If  we  assume  such  a  center,  where  shall  it  be  placed  ? 
In  Russia,  in  Great  Britain,  the  country  of  the  ancient  Silures,  New 
York,  or  where  else  ?  And  having  located  it,  how  are  we  to  send  off 
the  colonies  of  organic  beings,  whose  remains  are  offering  themselves 
to  our  investigation,  with  the  thousands  of  others,  necessarily  linked 
with  them  in  the  chain  of  mutual  dependence,  but  whose  organization 
we  may  suppose  was  of  such  a  kind,  as  to  leave  "  not  a  wreck  behind." 
Is  it  not  more  reasonable  to  suppose  that  there  were  primary  seats  of 
organic  life— centers  of  organic  creation,  around  which  were  clustered 
beings  adapted  to  the  varied  circumstances  of  each  locality  ?  Such  a 
theory  would  be  far  more  consonant  with  existing  laws  of  nature ;  and 
it  is  far  more  safe  to  base  our  reasonings  upon  them,  than  to  fly  to 
others  whose  character  depends  upon  the  fertility  of  our  imagination 
only.  There  may  have  been  so  near  an  approach  to  imiformity  of 
circumstances  in  some  of  our  geological  epochs,  in  all  countries — for 
instance,  in  the  Carboniferous — that  a  like  uniformity  might  be  expected 
in  the  remains  of  the  Flora  and  Fauna  of  these  periods.    But  because 
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this  has  occurred  once  or  twice,  or  more  frequently,  it  does  not  follow 
that  it  must  always  have  been  the  case. 

There  is  nothing,  to  our  minds,  inconsistent  with  the  principles  of 
geological  science,  in  admitting  a  great  variety  of  forms  amongst  the 
earliest  created  beings.  In  fact,  such  a  variety  there  must  have  been, 
for  mutual  support  and  permanent  existence,  or  we  must  invoke  some 
other  than  the  ordinary  laws  of  nature,  to  account  for  their  continua- 
tion and  propagation.  And  then,  as  now,  every  thing  was  adapted  to 
the  circumstances  and  the  place  to  which  Creative  Power  had  assigned 
it.  Fishes  did  not  fly  in  the  air,  nor  birds  dwell  in  the  depths  of  the 
sea.  If  the  inanimate  matter  of  one  of  these  localities  was  inimical  to 
the  existence  of  one  of  the  primitive  forms  of  organic  beings,  that  form 
would  not  have  been  placed  there,  but  elsewhere.  Why,  then,  may  it 
not  be,  that  different  forms,  under  different  circumstances,  shall  indi- 
cate like  or  contemporary  periods  ?  Do  the  earliest  forms  of  organic 
life  in  the  Potsdam  sandstone,  or  the  oldest  of  the  Silurian  rocks  of 
Europe,  occur  in  a  purely  silicious  rock,  that  often  assumes  the  appear- 
ance of  semi-opal,  chalcedony,  or  jasper,  as  is  the  case  in  Missouri  ? 
— a  material  that  indicates  not  only  a  striking  peculiarity  in  the  saline 
contents  of  the  ocean  in  which  these  beings  existed,  but  a  strong  pro- 
bability that  it  was  accompanied  by  an  elevated  temperature  of  the 
waters.  Such  a  condition  of  things  might  not  have  been  incompatible 
with  the  existence  of  such  forms  as  we  find  in  the  earliest  fossiliferous 
beds  of  Missouri,  but  may  have  been  entirely  so  with  such  as  are 
found  to  characterize  the,  probably,  same  geological  period  in  other 
places. 

Before  leaving  the  sandstone,  it  may  be  remarked,  that  in  some 
particular  localities,  it  undergoes  a  change,  or  passes  into  an  almost 
pure  feslpathic  rock,  whose  decomposition  gives  rise  to  large  deposits 
of  kaolin.  This  alteration  appears  to  have  some  local  cause — ^at  least, 
I  have  found  it,  as  yet,  most  frequent  in  the  vicinity  of  the  primitive 
rocks,  whose  constituents,  we  shall  see,  always  embrace  a  large  portion 
of  felspar. 

Following  this  sandstone  and  chert,  we  have  another  Magnesian 
limestone,  the  last  and  lowest  of  the  sedimentary  rocks  of  Missouri. 
I  use  the  term  sedimentary  because,  although  no  distinct  fossil  remains 
have  ever  yet  been  detected  in  it,  I  have  found  some  obscure  markings 
which  leave  it  uncertain  whether  it  should  be  considered  as  Azoic  or 
Palseozoic.    In  an  economical  point  of  view,  it  is  far  the  most  import- 
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ant  of  the  Missouri  rocks.  In  it  are  found  our  lead,  copper,  oobaki 
nickel,  and  a  large  portion  of  our  iron  deposits.  Fortunately,  its  area 
18  commensurate  with  its  value.  It  covers  from  £fteen  thousand  to 
twenty  thousand  square  miles^  every  where  giving  indications  of  its 
hidden  treasures,  some  few  of  which  are  made  to  add  to  the  produc- 
tions of  the  State. 

The  thickness  of  this  limestone  is  not  known.  It  has  been  penetrated 
by  v-alleys  and  mines  to  the  depth  of  three  hundred  and  fifty  or  four 
hundred  feet,  with  no  indication  of  its  termination.  Near  the  top,  it  is 
sometimes  thinly  stratified,  approaching  almost  to  a  schistose  character ; 
bat  below  it  becomes  massive  in  its  structure,  very  hard,  generally,  but 
weathering  rapidly  into  irregular  forms  when  exposed. 

As  I  have  had  cause  to  give  much  attention  to  the  mineral  produc- 
tions of  this  rock,  it  has  given  me  many  favorable  opportunities  to 
investigate  the  conditions  under  which  these  productions  occur  in  it. 
But  to  do  any  thing  like  justice  to  this  interesting  subject,  would 
require  much  more  time  than  I  could  feel  myself  at  liberty  to  consume 
on  this.occasion.  From  the  little  disturbance  to  which  our  formations 
generally  have  been  subjected,  and  the  great  facility  with  which  the 
mineral  bodies  in  this  division  are  followed,  many  of  the  difficulties 
which  attend  such  investigations  in  other  countries,  do  not  exist  here. 
Hence,  we  may  hope  that  when  mining  operations  are  more  extensively 
and  systematically  conducted  in  Missouri  than  they  have  yet  been, 
many  obscure  points  that  now  exist  as  to  the  origin  of  mineral  veins, 
and  their  relation  to  the  included  rocks,  will  be  satisfEtctorily  cleared  up. 

I  cannot,  howev^,  dismiss  this  part  of  my  subject  without  referring 
to  the  coal  deposits  sometimes  found  in  it,  particularly  in  the  viciiiity 
of  the  Osage  river.  When  I  first  met  with  this  mineral  in  this  posi- 
ti<m,  having,  as  I  supposed,  made  out  the  true  geological  position  of 
the  containing  rock,  it  gave  me  considerable  difficulty  and  embarrass- 
ment. Subsequent  investigation  has  fiilly  satisfied  me  that  this  Carbon- 
aceous deposit  is  of  a  posterior  date  to  this  deposition  of  the  limestone* 
and  in  all  probability  cotemporaneous  with  the  lower  coal  beds  of 
the  Carboniferous  formation  of  the  State.  A  section  of  one  of  these 
deposits,  occupying  the  cavity  of  a  lode  in  the  Magnesian  limestone,  I 
exhibit  to  the  Association,  to  give  more  distinctly  the  manner  of  its 
occurrence.  From  the  cheeks  or  sides  of  the  lode,  I  collected  some 
ihin  plates  of  copper  ore^  (pyrites),  and  it  is  quite  probable  that  this 
was  origfaially  a  lode  of  this  metal,  the  latter  Removed  by  some  cause, 
probably  atmo^herical,  and  its  place  filled  by  the  Carbonaceous  mine- 
13 
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ral.  In  other  places,  I  found  it  occupying  the  beads  or  termiBaticMis  of 
small  valleys  and  ravinids ;  in  one  of  which,  miung  for  lead  ore  was 
being  successfully  prosecuted  on  the  8k^>e8  of  the  valley,  a  few  feet 
above  the  coal.  In  another  instance,  a  few  hundred  feet  from  one  of 
these  deposits,  a  well  had  been  sunk  about  eighty  feet  deep,  and  con- 
sequently far  below  the  level  of  the  coal  bed.  But  the  coal  made 
its  appearance  in  the  well.  Though  not  appearing  to  exist  in  large 
quantities,  generally,  in  any  one  place,  these  coal  deposits  sometimes 
justify  regular  mining ;  and  in  one  instance,  a  shaft  more  than  thirty 
feet  in  depth,  has  been  sunk  through  it  without  reaching  its  termina- 
tion  downward.  I  have  never  found  the  coal  accompanied  by  any 
other  rock  fonnati(»i  than  the  adjacent  walls,  nor  with  vegetable  or 
other  fossil  remains.  For  its  character,  I  refer  to  the  Report  on 
American  Goal,  made  to  the  Kavy  Department  of  the  United  States, 
by  Prof.  W.  R.  Johnson,  where  it  is  described  as  "Osage  river  coal." 
The  primitive  formation  of  Missouri  is  first  met  with  on  our  line 
near  a  point  about  serv^enty  miles  south  of  St.  Louis,  and  thirty  west  of 
thQ  Mississippi.  It  consists  chiefly  of  granite,  syenite  and  porphyry ; 
and  is  what  its  name  indicates,  truly  the  primitive  rock,  or  oldest  solid 
matter  o^  the  State.  It  rises  sometimes  in  cone-like  elevations,  at  otiier 
times  as  detached  ridges,  to  the  hight,  often,  of  a  thousand  or  twelve 
hundred  feet  above  the  level  of  the  Mississippi  river.  Its  sides  and 
valleys  are  frequently  covered  with  the  sandstone  and  limestone  here* 
tofore  described,  and  in  such  quiet  relationship  as  to  show  that  their 
deposition  has  taken  place  since,  the  primitive  rocks  had  assumed  the 
form  they  now  have.  We  have  collected  a  great  many  facts,  which 
show  beyond  the  possibility  of  a  doubt  that  this  is  the  case.  It  is  not 
at  all  unusual  to  find  portions  or  fragments  of  the  older  rocks  imbedded 
in  those  that  are  stratified.  This  occurs  not  only  in  the  lowest  Magne- 
sian  limestone,  but  in  the  overlying  sandstone,  the  lower  or  cherty 
portion  of  which,  we  have  shown,  is  abundantly  supplied  with  fossils. 
An  interesting  example  of  this  is  seen  on  a  small  creek  hear  the 
celebrated  mine  La  Motte.  Here  the  sandstone,  in  regular  horizontal 
strata,  is  seen  abutting  against  a  ridge-like  elevation  of  red  granite, 
and  embracing,  in  the  noddst  of  the  regularly  stratified  mass,  large  and 
small  fragments  of  this  granite.  It  appears,  also,  that  these  primitive 
rocks,  or  at  least  the  granite,  had  been  subject  to  serious  disturbance 
before  the  deposition  of  the  superincumbent  rocks ;  for  we  often  find  it 
broken  through  by  greenstone  trap  dykes  on  a  large  scale,  without  any 
(disturbance  of  the  more  recent  formations.    A  beautiful  and  interestitt{f 
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example  of  tiiis  dshibits  itself  onlj  a  few  hundi«d  ysids  fron)  the  pkoe 
ju3t  refenrkL  to  as  an  example  of  the  inelosion  of  granite  in  sandstone. 
On  the  same  small  creek  that  present*  us  that  natural  seotion,  we  find 
a  small  eave  excavated  in  the  sand^tone^  whose  orerhanging  and  side 
walls  are  of  this  sandstone,  in  ilieir  f  egalar,  qtiiet,  horizontal  position, 
whilst  the  floor  is  of  the  red  granite^  but  rent  through  and  broken  by 
two  large^  distiaot^  but  irregular  reins  of  trap.  The  contrast  between 
the  greenstone  and  red  granite,  gives  a  distinct  outline  to  these  veins, 
aiiul  shows  the  mcbided  masses  of  granite,  reft  entirely  from  the 
adjacent  rock,  in  an  interesting  position  for  examination  and  study. 
Bunning  the  eye  akmg  these  lines  of  fractiare  to  the  point  of  junction 
of  the  greenstone,  granite,  and  sandstone,  in  the  posterior  part  of  the 
eave,  we  see  that  die  two  forms  terminate  on  the  same  horizontal  level, 
and  that  on  them  indifferently  the  sandstone 'Kes  in  its  quiet,  unbroken, 
stratified  condition. 

Instead  of  finding  these  primitive  recks  always  rising  in  elevated 
ridges  above  the  more  recent  formations  of  the  country,  it  sometimes 
happens,  from  lihe  effects  of  the  denuding  agencies  that  have  been  at 
work  since  the  depomtion  of  the  latter,  that  we  pass  without  a  percep- 
tible change  of  level,  from  a  ridge  of  granite  or  porphyry  to  one  of 
cherty,  or  feldspathic  rock,  both  performing  the  same  office  of  a  water 
shed  to  the  adjacent  valleys.  Again,  even  in  the  valleys  and  plains, 
we  often  pass  at  a  single  step  from  a  floor  of  porphyry  to  one  of  lime- 
stone or  sandstone,  the  two  lying  distinct  beneath  n6  in  juxtaposition, 
without  the  slightest  evidence  of  the  former  having  been  disturbed  by 
want  of  qtdetude,  or  altered  by  increase  of  temperature  on  the  part  of 
die  latter,  since  they  assumed  their  present  contiguity. 

Innumerable  examples  of  a  like  character  could  be  referred  to,  as 
lowing,  beyond  a  doubt,  that  these  primitive  mountains  and  ridges 
existed  before  the  deposition  of  the  first  sedina^ntary  rocks  of  the  State, 
although  these  latter  have  an  antiquity  as  great  as  probably  any  other 
of  the  Palaeozoic  series,  in  this  or  any  other  country.  These  examples 
show,  indeed,  hot  only  that  these  primitive  fonnations  existed  anterior 
to  the  <^arliest  sedimentary  deposit,  but  that  they  were  subject  to  great 
and  serious  distc^banoe  before  the  deposition  of  the  latter. 

This  being  the  case,  &ave  we  not  herd  in  Missouri  another  one  of 
Hiose  nnclei,  or  great  centers  for  the  origin  of  organic  and  inorganic 
forms  of  subsequent  geologioal  periods  ?  and  it  is  this  pomt  which  I 
would  pattieuiarly  insist  upon  always  being  kept  in  view,  in  studying 
the  extinct  fiBiuna  of  tills  region,  particularly  of  the  earlier  Paleeozoic 
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period.  We  do  not  know,  and  never  can  know,  all  the  differences 
tending  to  affect  animal  and  vegetable  existence — ^for  doubtless  the 
latter,  as  well  as  tibe  former,  may  have  occtmred  in  these  remote 
periods.  That  all  primitive — really  primitive — rocks,  as  they  generally 
exhibit  a  strong  similarity,  should  be  followed  by  others  that  also  bear 
to  each  other  a  strong  similitude,  in  their  organic  and  incH'ganic  forms, 
is  what  we  should  readily  expect  and  admit.  But  as  these  primitive 
nuclei  are  not  identical,  or  exactly  the  same  in  all  their  characters, 
every  where,  but  on  the  contrary,  sometimes  differ  very  greatly,  if  we 
suppose  them  to  have  contributed,  as  we  know  they  did  very  lai^ly, 
to  the  inorganic  materials  of  the  formations  next  succeeding,  we  must 
expect  these  latter  to  exhibit  a  corresponding  difference  in  their  charac- 
ters. This,  then,  is  one  element  that  would  have  tended  to  affect  vital 
existence  at  the  earliest  Palaeozoic  period,  and  stamp  beings  coeval  in 
existence  with  a  diversity  of  form.  To  this  may  be  added  a  possible 
difference  in  the  temperature  of  the  adjacent  ocean  or  sea,  its  saline 
contents,  the  gaseous  evolution  passing  through  it  from  a  yet  scarcely 
chemically  quiescent  globe,  and  a  host  of  other  agencies,  all  differing 
more  or  less  at  each  one  of  the  local  centers  of  exbtence,  and  all 
known  and  appreciated  by  that  Power  which  was  to  plant  each  being 
in  that  spot  which  his  omniscience  told  him  was  adapted  to  its  exist- 
ence, its  wants,  and  its  future  development* 

Why,  then,  should  we  expect  fonns  that  remtun  of  the  earliest  fauna 
of  Russia,  of  England,  or  even  New  York,  to  be  exactly  the  same  as 
those  we  hare  or  may  expect  to  find  in  Missouri  ?  If  we  differ  from 
them  in  lithological  characters  and  stratigraphical  relationship,  is  it  not 
reasonable  to  suppose  that  we  shall  differ  also  in  our  palsBontologicskl 
remains  ?  But  though  such  differences  may,  and  probably  will,  be 
found,  we  have  no  idea  that  it  will  affect  the  great  principles  of  geo- 
logy; on  the  contrary,  by  adding  new  facts,  it  will  only  tend  to  lay 
more  broadly  and  solidly  the  foundation  of  this,  the  greatest  and  most 
useful  of  all  the  modem  sciences. 

My  friend,  Dr.  Engelmann,  has  given  me  some  interesting  information 
in  relation  to  the  primitive  region  of  the  adjacent  State  of  Arkansas, 
which  he  explored  some  years  ago.  It  is  extremely  probable  that  we 
shall  find  here  another  center  of  inorganic  and  organic  forms,  that  may 
give  us  new  subjects  for  study  and  assimilation  with  those  of  other 
regions.  Texas,  too,  seems  to  promise  us  another  point  in  the  chain 
of  subterrestrial  mountains^  whose  now  solidified  ocean. entombs  the 
differing  forms  that  onoe  enlivened  the  same  period. 
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In  the  midst  of  this  primiiiye  fonnation  we  find  the  largest  and  most 
valoable  deposits.  The  relationship  which  they  bear  to  each  other  is 
not  yet  satisliactorily  made  out.  The  Iron  Mountain,  which  is  an  irre- 
gular ridge,  rising  about  two  hundred  feet  abore  the  level  of  the 
adjacent  valleys,  and  covering  an  uea  of  about  five  hxmdred  acres  of 
land,  is  entirely  specular  oadde  of  iron,  of  the  purest  quality,  at  least 
on  tile  surface,  and  extending  from  the  top  of  the  mountain  to  within 
a  few  leet  of  the  lerel  of  the  valley;  In  the  excavations  made  on  the 
south-west  face  of  this  hill,  or  mountain,  for  the  furnaces  since  erected 
here,  stratified  beds  of  a  silioious  rock  were  exposed,  dipping  slightly 
toward  the  valley.  This  rock  contained  felspatiiic  crystals,  and  may 
liave  been  a  modified  granite,  as  that  rock  makes  its  appearance  in 
eontact  with  the  iron  ore  on  another  side  of  the  mountain.  But  it  may 
also  be  a  metamorphosed  sandstone,  as  this  rock  is  found  in  some  of 
the  valleys,  not  very  distant.  About  on  a  level  with  the  tops  of  tha 
furnaces,  or  say  fifty  feet  above  the  level  of  the  base  of  the  mountain, 
the  mining  has  been  pushed  into  the  hill  side  broadly,  and  for  some 
distance^  exposing  a  deposit  of  iron  ore  in  the  form  of  pebbles,  or 
broken  masses,  of  various  sixes,  up  to  that  of  a  foot  in  diameter,  closely 
impaeted  together,  and  the  interstices  filled  with  a  reddish  brown 
elay.  This  bed,  in  its  thickest  point  yet  opened,  is  probably  twenty 
feet,  evidently  increasing  toward  the  mass  of  the  mountain.  On.  the 
top  of  the  mountain,  the  iron  ore  lies  in  large  masses,  with  surfaces 
several  square  yards  in  area.  But  within,  the  solid  mass  of  the  moun- 
tain is  a  mystery  ;  whether  it  is  a  dyke  or  vein  of  ore,  projected  up 
through  the  solid  granite  and  sandstone  previously  existing,  or  whether 
it  be  a  cotemporaneous  deposit  with  one  (and  which  one)  of  these,  are 
questions  to  be  solved. 

The  Pilot  Knob,  another  of  our  large  Iron  Mountains,  lies  about  five 
miles  south  of  the  one  just  described.  Mineralogically  it  is  of  the 
same  character,  but  differs  somewhat  in  the  physical  aspect  of  its  ore. 
But  unlike  the  Iron  Mountain,  it  appears  to  be  associated  with  por- 
phyry, and  passes  often  by  insensible  gradations  into  that  rock.  The 
Pilot  Knob  covers  about  the  same  area  as  the  Iron  Mountain,  has  its 
base  at  about  Hbe  same  level,  but  rises  probably  two  hundred  fieet 
higher.  Its  summit  is  covered  with  immense  masses  of  solid  ore, 
whose  rugged  summits  overtopping  those  of  almost  all  the  adjacent 
hills  and  ridges,  became  to  the  hunters  and  earlier  explorers  of  this 
country,  a  noted  land  mark,  in  directing  them  through  this  then  little 
known  regioiu    The  name  which  it  thence  obtained  it  still  retains,  and 
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the  mind  can  scarcely  realize  the  time,  when  the  wants  or  the  cnpidity 
of  man,  will  be  able  to  level  these  peaks  to  a  condition  in  which  they 
will  no  longer  enjoy  this  distinctive  appellation. 

These  two  immense  masses  of  iron  ore  seem  to  have  become  ao 
fomiliar  to  the  public,  that  a  vague  impression  appears  to  be  gaining 
ground,  that  they  constitute  all  or  nearly  all  of  this  mineral,  of  any 
value,  in  the  8tate.  This  is  far  from  being  the  fact.  We  have 
referred  to  the  deposits  of  it  in  the  oldest  Magnesian  Limestone,  in 
which  ib  is  found  generally  as  hydrated  peroxide,  almost  everywhere. 
Innumerable  other  deposits  of  the  specular  oxide,  some  but  little 
inferior  in  apparent  extent  to  the  Inm  Mountain  and  Pilot  Knob,  ara 
met  with  throughout  the  primitive  formations,  and  when  the  spirit  of 
improvement  shall  have  made  them  accessible,  they  will  cause  thia 
portion  of  Missouri  to  become  one  of  the  greatest  iron-producing  dis- 
tricts  in  the  world. 

The  formations  of  Missouri  appear  to  have  suffered  but  slight  dis- 
turbance since  their  deposition.  But,  for  the  facility  with  which  most 
of  them  seem  to  yield  to  atmospheric  and  aqueous  agencies,  by  which 
deep  valleys  and  high  bluffs  have  been  formed,  much  difficulty  would 
attend  these  geological  investigations.  The  strata  lie  one  upon  another 
with  quiet  regularity,  and  no  break  or  uplift  marks  the  period  of  the 
commencement  or  end  of  any  of  the  divisions.  It  is  only  in  a  few 
places  that  we  find  them  sufficiently  inclined  to  forbid  the  supposition 
of  their  deposition  at  this  angle.  But  when  we  take  a  general  view  of 
the  country,  we  see  beyond  a  doubt  that  some  djmamic  oawse  has 
thrown  it  into  undulations,  and  that  these  undulations  have  operated 
alike  upon  all  the  formations,  and  that  consequently  it  must  have  been 
posterior  to  the  most  recent  or  Carboniferous  period.*  The  direction 
of  the  uplifted  mass  appears  to  be  nearly  north  and  south ;  and  it  is  a 
striking  coincidence  that  most  of  the  regular  veins  or  mineral  lodes 
have  about  the  same  direction,  rarely  differing  from  it  more  than  tea 
or  fifteen  degrees.  The  greatest  amount  of  this  disturbance  appears 
to  have  been  between  the  Mississippi  river  and  the  primitive  moun- 
tains, and  probably  included  the  latter  in  its  action.  Although  the 
undulations  or  wave-like  appearance  of  the  ridges,  seem  to  be  generally 
north  and  south,  we  are  not  sure  that  the  direction  of  the  force  was 
not  at  a  right  angle,  or  nearly  so,  to  them :  that  is,  east  or  west.     But 

•In  these  general  remarks,  I  do  not  embrace  the  Greenaand  or  Cretaceous  formation 
of  the  southern  part  of  the  State,  nor  the  alluvial  or  dilutial  deposits ;  nor,  of  ooarse, 
tha  oompantively  recent  disturbances  to  whleh  the  foiaisr  have  been  sul«ecC 
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this  is  a  subject  winch  requires  for  itself  a  considerable  discnsskm,  and 
perhaps  a  more  oarefiil  and  extended  examination  of  the  eomitry  ;  we 
shall  not,  therefore,  trespass  upon  the  attentbn  that  has  alrady  been 
so  kindly  extended  to  us»  by  proceediiig  further  in  it. 

Dr.  Enoblmann  said  that  the  occurrence  of  orystaUine  xwskB  m  Ifis* 
sooii,  idiich  had  just  been  described  by  Dr.  £jng»  finds,  a  strikhg 
analogy  in  Arkansas,  and  probably,  also,  further  to  the  southwest. 

Haying  had  an  opportunity,  foiirteen  years  ago,  to  spend  several 
months  in  Arkansas,  my  attention  was  drawn  to  the  geological  struc- 
ture of  the  region  between  little  Bock  and  Hot  Springs, 

The  city  of  Little  Rock  is  built  on  soft,  folcose  cky  slates.  The  rook 
at  the  lower  end  of  the  town,  which  gives  it  its  name,  is  of  similai*, 
but  hard,  and  highly  silicious.  Th^ce  this  formation  extends  west 
and  south ;  in  some  localities  talcose,  in  others  silicious,  aiKd  in  others 
again,  somewhat  crystalline,  and  resembling  homblebde  slates — almost 
always  tQted  up,  and  sometimes  almost  perpendicular.  Only  in  a 
certain  part  of  the  country,  near  Saline,  river,  have  I  seen  the  «trftta 
nei^ly  horisontal,  and  apparently  capping  from  this  center  m  every 
directiim. 

Interstratified  with  this  slate  is  a  dark  blue  limestone*  sometimes 
highly  crystalline,  and  forming  a  most  beautiful  black  marble.  This 
limestone  is  of  importance,  as  it  furnishes  the  only  good  lime  the 
inhabitants  can  get  in  this  neighborhood,  the  Cretaceous  rocks  which  I 
shall  mention  hereafter,  not  being  fit  to  bum. 

On  fUs  formation,  and  most  probably  not  conformable  in  stratifica-^ 
tion,  rests  a  sandstone  which  is  most  probably  analogous  to  that  of 
Lake  Superior.  It  is  found  west  of  Little  Rock,  on  the  river,  forming 
the  ''  Big  Rock,"  on  the  northern  bank  of  the  river,  and  the  ''  Mam- 
melles,''  near  the  southern  b&nk.  Whether  the  sa&dstone  rock  of 
the  **  Dardanelles"  belongs  to  the  same  formation,  I  am  unable  tp  say. 
From  the  river  this  sandstone  formation  extends  south-eastwardly,  and 
18  crossed  by  the  road  that  lead^  from  Little  Rock  to  the  Hot  Springs. 
These  springs,  of  about  160^  temperature,  and  furnishing  pure  lime- 
stone water,  are  situated  in  a  narrow  valley,  formed  by  these  same 
rocks. 

In  neither  of  these  rocks  have  I  found  a  trace  of  fossils. 

WiUdn  this  district  of  unfossiliferous  sedimentary  rocks,  I  found  a 
beautiful  gray  syenite,  sometimes  changed  into  large  masses  of  kaolin  ; 
and  at  another  locality,  '*  Magnet  Cove,"  a  succession  of  hills  or  knobs 
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of  black  and  white  syenite,  mostly  coarse  grained,  and  of  true  traehyte, 
with  large  crystals  of  glassy  felspar.  At  other  places  anomalous 
rocks,  of  singular  structure,  were  obsenred,  haying  sometimes  the 
appearance  of  amygdaloid,  probably  metamorphic.  Porphyry  and 
granite,  (without  mica),  which  occur  with  the  syenite  in  Missouri,  I 
bare  not  seen  m  Arkansas. 

The  connection  of  these  rocks  with  the  stratified  rocks,  has  not  been 
observed. 

In  the  clay  slate,  and  probably  in  it  only,  trap  dykes  are  rery  com- 
mon, especially  near  the  Sahne  rirer.  Sometimes,  these  dykes,  one  or 
more  together^  traverse  the  strata  of  slate,  leaving  them  undisturbed 
on  the  edges,  or  in  other  localities,  bending  them  upward  on  both 
sides  of  the  dyke.  In  other  cases,  one  or  more,  (I  have  seen  as  many 
as  four)  strata  of  trap  are  wedged  in  between  the  strata  of  slate, 
apparently  interstratified  with  them,  but  evidently  forced  in  after  the 
formation  of  the  slate.  In  one  locality,  I  have  found  the  ends  of  these 
strata  running  out  rounded,  as  if  they  had  been  forced  in  in  a  semi- 
fluid consistency ;  and  not  changing  the  lithological  character  of  the 
clay  slate.  In  another,  a  mass  of  several  feet  thick  had  split  in  hun- 
dreds of  small  veins,  only  a  few  lines  wide,  but  easily  distinguishable 
from  the  altered  and  stratified  rock. 

These  trap  rocks  are  very  remarkable  on  account  of  the  presence  of 
black  mica,  which  in  some  of  them  occurs  in  great  abundance,  and  in 
large  and  finely  formed  crystals. 

The  vast  masses  of  the  micaceous  or  submagnotic  oxide  of  iron  found 
in  the  analogous  formation  on  Lake  Superior,  and  especially  in  Mis- 
souri, find  their  representatives  in  the  well-known  "Arkansas  magnets,'^ 
the  magnetic  iron  ore  of  the  '*  Magnet  Cove,"  mentioned  above. 

Copper,  I  believe,  has  not  yet  been  found  in  this  formation ;  but 
lead  has  lately  been  brought  from  this  region,  said  to  contain  much 
silver.  I  have  seen  only  small  particles  of  galena  in  the  thin  strata  of 
limestone  accompanying  the  clay  slate.  May  not  the  lead  which, 
according  to  Dr.  King's  observations,  appears  to  occur  in  Missouri,  in 
a  formation  below  that  of  the  lead-bearing  rocks  of  Wisconsin  and 
Iowa,  occur  here  in  a  still  lower  Azoic  stratum. 

The  granite  and  Silurian  limestone  discovered  on  the  Liano  river,  a 
southern  branch  of  the  Colorado,  in  western  Texas,  appears  to  be 
connected  with  the  granitic  and  syenitic  centers  in  Arkansas,  Missouri, 
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and  on  Lake  Saperior ;  and  perhaps  the  Silnnan  rocks  still  farther  to 
the  south-west,  about  Chihuahua,  up  .to  the  jdateau  of  Mexico,  also 
belong  to  this  great  chain* 

While  in  Missouri,  the  lead-bearing  Silurian  rocks,  and  in  Texas  the 
Cretaceous  strata,  surround  these  Azoic  formations,  in  Arkansas  a 
largely  developed  Carboniferous  formation,  in  which  the  sandstones  are 
Terj  prevalent,  and  the  limestones  almost  entirely  wanting,  joins  them 
on  the  north  and  vest,  and  Cretaceous  deposits  on  the  east  and  south ; 
they  are  found  leaning  against  the  silicious  slate  of  the  "  Little  Rock»" 
at  the  dty  of  that  name,  and  are  likewise  m^t  with  south  of  the  Wa- 
shita river ;  and  from  these  uninterruptedly  to  the  Bed  river. 


5.  A  COMPABISOK  OF  TWO  DIFFXRVNT  MxTHODS  OF  CALCCLATUia  MsAN 
TXMFXRATUKB,  AVD  OV  THX  MxJLN  TsMFXRAT0RK  OF  CINCINNATI  ; 
BXINO  THX  RXSULTS  OF  ObSXBVATIONS  MAPB  AT  WOODWABD  COLLXOB, 

Cnr.    By  Jobxph  Rat,  M.  D.,  Professor  of  Mathematics  and  Nat- 
ural Philosophy. 

Ih  meteorological  observations,  one  of  the  most  important  elements 
18  the  mean  temperature  of  the  day,  as  from  it,  the  mean  tempera- 
ture of  all  the  longer  periods  is  derived.  Those  familiar  with  works 
on  meteorology,  and  with  the  practice  of  observers,  are  aware  that  no 
uniform  method  of  determining  mean  temperature  has  yet  been  agreed 
upon.  The  most  common  method  consists  in  takii^  the  mean  of  the 
mjnimum  and  maximum  ten^ratures.  Another  consists  in  dividing 
the  day,  a  period  of  184  hours,  into  minor  divisions — ^finding  the  mean 
temperature  of  each,  and  then  the  mean  of  the  whole.  The  most 
c<mvenient  subdivision  of  the  day  of  24  hours,  is  into  periods  of  about 
eight  hours  each,  as  this  requires  but  three  observations,  say  at  the 
minimum  and  maximum  periods,  and  at  a  point  equally  distant  be- 
tween the  maximum  of  one  day  and  the  minimum  of  the  day  next 
following* 

The  first  method  has  the  advantage  of  mmplicity ;  thus,  if  «  is  the 
minimum  temperature,  which  generally  occurs  at  or  near  sunrise,  and 
b  the  maximum,  which  generally  occurs  at  or  a  little  after  2,  P.  M., 
then  the  mean  temperature  is  expressed  by  ^  (a  -f*  I). 

If  to  these  two  observations,  we  have  c  and  d,  the  temperature  at 
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10,  P.  M.  and  at  sitttrise  the  foUowii^  morning,  then  the  tnetn  temper* 

ature  of  eaeh  eight  hours  will  be 

a-i-b      b-X-c  ,     c4-rf 

- — ! — ,     — ! — -    and    — ' — : 

and  the  mean  of  the  irhole  will  be 

*(-4^' +  ^' + -t-)  =  H« +2*  +  2c  + «/) 

which,  expressed  in  common  language,  requires  that  to  the  morning 
obserration,  we  should  add  twice  the  afternoon  obeervafaon,  twice  the 
evening  observation,  and  the  next  morning's  obse^ation,  and  divide 
the  sum  hj  six,  and  the  quotient  will  be  the  mean  temperature  of  the 
day,  reckoning  from  sunrise  to  sunrise. 

There  is  a  discrepancy  between  the  statements  of  writers  in  regard 
to  the  accuracy  of  the  common  rule  of  taking  the  mean  of  the  mini- 
mum and  maximum  temperatures.  Qome  regard  it  ms  defective; 
others,  as  approaching  so  very  near  the  truth,  as  to  make  it  sufficiently 
accurate.  I  was,  however,  convinced  many  yiars  ago  fliat  it  was  not 
accurate,  and  for  the  last  ten  years  have  reduced  my  observations  by 
the  rule  just  presented,  which  is  sometimes  known  as  De  Witt's  ruk. 

About  two  years  ago,  finding,  after  making  due  allowance  for  dif* 
ferences  of  elevation,  latitude,  etc.,  that  my  observations  gave  a  mean 
temperature  of  the  months  and  years  somewhat  less  than  that  of  other 
observers :  particularly  of  my  friend  Mr.  John  Lea*  of  Cincinnati,  and 
of  Dr.  Engelmann,  of  St.  Louis,  I  was  led  to  institute  a  comparison 
between  the  results  of  the  two  methods  of  observation  here  referred  to. 

As  the  science  of  meteorology  in  this  country,  is  yet  in  its  infancy, 
and  as  the  comparison  of  different  methods  may  lead  to  the  adoption 
of  some  uniform  method,  and  one  oalculatad  to  produce  results  more 
nearly  accurate  than  those  hitherto  obtained,  I  have  felt  justified  in 
callbg  the  attention  of  the  Association  to  the  subject. 

It  is  obvious  that  a  comparison  of  results,  to  be  of  nrach  value, 
should  extend  through  a  considerable  period  of  time.  My  observa* 
tions  with  reference  to  this  point,  embrace  a  period  of  about  three 
years.  I  will,  however,  present  only  those  for  the  first  four  months  of 
the  present  year,  and  for  the  year  1849. 

By  way  of  illustration,  I  will  give  the  temperature  of  the  first  two 
days  of  the  present  session  of  the  Association.  I  select  these  because 
the  rise  and  fall  of  the  mercury,  between  the  hours  of  observation,  was 
nearly  uniform,  and  the  days  marked  by  no  unusual  changes* 
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^imriae. 

2,  P.  M. 

10,  P  M. 

May  5 

35° 

63^ 

46°- 

*»      6 

3« 

68 

46 

u     7 

38 

By  tbe  common  mle^  t^e  mean  temperature  of  May  5th,  is  49^. 
Supposing  tjie  change  of  temperature  between  the  hours  of  observa- 
tion to  haye  been. gradual,  a«  it  evidently  was  very  nearly,  the  mean 
temperature  of  the  first  eight  hours  of  May  5th  was  49",  of  the  second 
eight  hours,  54^^  and  of  the  third  eight  hours,  41°.  This  gives  48^° 
for  the  true  mean  temperature  of  May  5th,  being  |  of  a  degree  less 
than  that  obtained  by  the  common  rule.  In  a  similar  manner,  the 
mean  temperature  of  May  6th,  found  by  the  common  rule  is  52°, 
while  the  true  mean,  or  mean  of  the  means  for  the  periods  of  eight 
hours,  is  50J°,  a  difference  of  1|°. 

It  is  not  to  be  inferred,  however,  that  in  all  cases,  the  mean  temper- 
ature obtained  by  the  common  rule,  will  be  greater  than  the  true  mean 
temperature.  Thus,  it  easy  to  see,  that  in  those  cases  where  the  tem- 
perature falls  very  little  during  the  night,  the  common  rule  may  give 
a  temperature  below  the  truth.    Such  cases,  however,  occur  rarely., 

I  now  present  a  table  of  the  mean  temperature  of  the  first  four 
months  of  the  year  1851,  found  according  to  both  rules.  The  first 
column  gives  the  mean  temperature  of  the  month  by  the  common  rule; 
the  second,  by  what  I  term  the  true  or  De  Witt's  rule ;  and  the  third, 
their  difference :  ' 


1851. 

MKUITEMr, 

MEilNTEStt. 

DIFP. 

Jan* 

87^.35 

36°.06 

1°.«9 

Feb. 

43  .41 

42  .44 

0  .97 

March 

47  S9 

46  .42 

0  .86 

April 

S3  .50 

62  .00 

1  .50 

It  will  be  observed  that  the  differences  all  lie  in  the  same  direction, 
and  that  their  mean  is  1°.16. 

The  following  is  a  similar  table  for  the  several  months  of  the  year 
1849  : 

1849.  iCEJUrTBMP.  HEAVTBMP.  DITF. 


Jan. 

320.75 

32°.3 

0°.45 

Feb. 

33  .22 

32  .16 

1  .06 

March 

47  .73 

46  .48 

1  .25 

April 

53  .80 

52  .64 

1  .16 
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1819. 

MKAX  TBKP. 

MSAITTIMF. 

IHFF. 

May 

66  .35 

63  M 

I  .44 

June 

76  .66 

73  M 

1  .76 

July 

73  .86 

73  .66 

0  .19 

August 

74  .66 

73  .64 

1  .11 

Sept. 

66  .66 

66  .33 

1  .23 

Oct. 

64  .67 

63  .30 

1  .27 

Nov. 

61  .02 

49  .94 

1  .08 

Dec. 

32  .91 

31  .60 

1  .31 

Year 

55  .17 

64  .06 

1  .11 

We  observe  in  all  the  examples  that  have  been  presented,  that  the 
differences  of  temperature  lie  in  the  same  direction,  and  that  their 
average  is  a  little  more  than  one  degree. 

A  comparison  of  the  observations  for  the  year  1860,  would  give 
similar  results. 

The  inference,  then,  is  that  the  common  method  of  calculating  mean 
temperature,  gives  a  result  too  great,  so  far  as  Cincinnati  is  concerned ; 
and  I  feel  assured  that  similar  observations  in  other  places  would  lead 
to  similar  conclusions. 

In  regard  to  the  mean  temperature  of  Cincinnati,  I  shall  state  briefly^ 
that  the  observations  were  made  at  the  Woodward  College,  about  one 
mile  north  of  the  river,  and  at  an  elevation  of  150  feet  above  low 
water  mark  in  the  Ohio.  The  temperature  of  the  central  and  less 
elevated  portions  of  the  city,  is  doubtless  higher  than  that  of  the 
college. 

The  observations  extend  through  a  period  of  sixteen  years,  but  I 
omit  the  first  six,  as  the  observations  were  reduced  by  the  old  method. 
By  taking  the  mean  of  the  last  ten  years,  that  is  from  1841  to  1850 
inclusive,  I  find  the  result  is  63.976  degrees. 

If  the  year  1843  is  excepted,  which  was  in  some  respects  extraor- 
dinary in  regard  to  temperature,  and  of  which  the  mean  was  only 
61^.1,  the  mean  temperature  of  no  year  differed  more  than  1.4  degrees 
from  the  mean  of  the  whole,  and  in  general  the  difference  was  only 
about  half  a  degree. 

But,  to  find  the  mean  temperature  of  a  place,  is  like  ascertaining  the. 
sum  of  an  infinite  series  of  great  convergency,  but  of  which  the  law 
is  unknown.  The  sum  of  a  few  terms  gives  an  approximate  result, 
but  the  true  value  can  be  ascertained  only  from  considering  an  unlim- 
ited number  of  terms.  The  true  mean  temperature  of  Cincinnati, 
however,  differs  so  little  from  64^  as  to  be  unworthy  of  notioe. 
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Dr*  EHcnufAinr  stated,  that  his  method  of  computing  mean  temper- 
atures had  not  been  from  the  highest  and  lowest  of  the  24  hours/ bat 
from  the  temperature  of  sunrise  and  3  P.  M.  His  meteorological 
tables  of  St.  Louis,  published  in  Professor  Drake's  great  work,  are 
based  on  these  calculations. 

It  will  be  seen  at  once  that  the  results  will  be  lower  than  those  de- 
rived from  the  highest  and  lowest  temperatures  of  the  day. 

If  it  be  argued  that  the  mean  temperature  of  St.  Louis  can  not  be 
higher  than  that  of  Oindnnati,  as  the  comparative  tables  appear  to 
indicate,  he  would  adduce  a  fact  corroborating  the  above  results  which 
only  yesterday  came  to  his  knowledge* 

In  Dr«  Warder's  Horticultural  Review,  I  find  the  dates  of  the  bios* 
soming  of  the  peach  tree  since  1814.  His  own  observations  permit 
bim  to  compare  the  time  of  their  blossoming  in  ten  years*  In  every 
one  of  these  ten  years  they  have  been  from  one  to  ax  days  earlier  in 
St.  Louis,  and  the  average  date  for  Cincinnati  in  those  ten  years  is  the 
13th,  and  for  St.  Louis,  the  8t}i  of  April. 

Prof.  Bacbx  remarked  that  the  mathematical  problem  involved  was 
the  determination  of  the  center  of  gravity  of  a  plane  surface,  bound 
by  the  course  of  dsdly  movement  of  temperature,  and  had  been  fre- 
quently solved,  the  results  agreeing  with  those  state^  by  Dr.  Ray. 

In  reply  to  a  question  from  Capt.  Wilkes,  Dr.  Ray  stated  that  he  did 
not  intend  to  recommend  observations  only  in  the  day  time. 

6.  On  soms  Points  of  thk  Structure  and  Reproduction'  of  Pht- 
SAOLiA.    By  Prof.  L.  Agassu. 

[JVirf  Iteeeived,'\ 

7.  On  thb  Association  of  Certain  Minerals  in  Northern  New 
York.  By  Franklin  B.  Hough,  A.  M.,  M.  D.,  of  Sumerville,  St. 
Lawrence  Co.,  N.  Y. 

Specular  Iron  Ore  occurs  in  the  northern  part  of  New  York  under 
two  separate  forms,  entirely  distinct,  both  in  geological  and  mineral 
association. 

The  first  or  crystalline  variety  is  found  generally  in  veins  and  masses 
in  gneiss,  or  white  limestone — ^is  of  a  black  or  steel  gray  color  exter- 
nally, and  when  broken,  it  presents  a  highly  crystalline  structure. 
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Its  surfieiee  is  often  studded  Tfith  crybtals  of  tke  same  xmneral,  imd 
cavities  are  iiniformlj'  lined  with  brilliatit  or  iriddsoont  fEoeets  of  hex- 
agonal tables* 

A  constant  associate  of  this  rariety  is  ciystalliMd  quarts,  which 
usually  occurs  as  a  very  short  prism  with  terminations  at  both  eztrem* 
iti^.  The  groups  of  these  that  are  oocasionally  found,  form  the  most 
desirable  specimens  for  cabinets.  80  eonsiant  is  ^s  association,  thai 
after  a  long  acquaintance  with  localities  of  thesd  minerals,  I  hare  a 
confident  expectation  of  finding  one  of  these  if  the  o<2ier  has  been 
observed. 

This  variety  of  specular  ore  has  never  been  wrought  with  profit  in 
this  section  of  the  state.  When  smelted  alone,  it  afiSords  a  hard  and 
brittle  kind  oi  iron. 

The  second  variety  of  specular  iron  ore,  is  the  red  and  gramilar, 
which  always  occurs  between  the  gneiss  and  potsdun  sandstone,  and 
eonstitutes  by  fisurthe  largest  part  of  the  valuable  ores  for  the  manufac- 
ture of  iron  in  Jeflferson,  Lewis  and  St.  Lawrence  cotinties. 

From  reliable  statistics  collected  from  the  proprietors  of  the  several 
mines,  it  appears  that  about  200,000  tons  of  this  ore  have  been  raised 
and  smelted  since  the  erection  of  the  first  fiimace  in  1813.  A  general 
average  for  a  series  of  years  shows  the  yield  of  iron  to  be  about  fifty 
per  cent.  The  constant  associates  of  this  ore  are  calcite,  quartz  in 
small  slender  crystals,  and  dysyntribite. 

Of  less  constant  occurrence  are  spathic  iron,  iron  pyrites,  cacoxene, 
heavy  spar,  and  millerite. 

So  uniform  is  the  connection  of  dysyntribite  with  the  red  oxide  of 
iron,  that  in  no  instance  have  they  been  observed  separately  in  any  of 
the  mines  which  have  been  wrought  in  northern  New  York.  This  fact 
has  been  observed  by  practical  miners,  and  in  several  instances  have 
successful  imdertakmgs  been  commenced,  without  a  previous  know- 
ledge of  the  existence  of  ore  further  than  was  furnished  by  the  pres- 
ence of  this  associate. 
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8.    On  THX  BQUIViOJQTOT  OV  THB  BoCKft  OF  NoBTH  £i£TXRN  OhIO,  AND 

THB  PoBTAQS,  Ghsmuso  ahb  Hamiltoh  Books  oi*  Kew  Yobk.    By 
Chas.  Whittlkskt,  Esq. 

Iv  Ohio,  from  the  Katiooal  Road  south  to  the  Eiveri  or  southern 
boundary  of  the  State,  the  space  indicated  in  our  caption  is  occupied 
by  few  and  easily  recognized  formations. 

The  downward  section  is  eTery  where  uniform.  First — ^'Confflg- 
meraie*^  supporting  the  coal.  Second — Fine  ffraiwd,  or  "Waverly" 
sandstone.  Third— ^^odb  skaU.  Fourth— -Sij^  cdwed,  or  "  Cliff 
fimestone ,,"  these  being  the  terms  of  description  used  in  the  Ohio 
Eeports. 

The  coloTi  grain,  bedding ;  in  fact  every  external  characteristic  of 
each  of  these  formations  is  unlike  every  other.  The  lines  of  junction 
are  distinct,  and  the  beds  very  regular.  So  far  as  Uthological  marks 
are  concerned,  no  person  would  hesitate  a  moment  in  deciding  whei^ 
he  had  reached  the  limits  of  any  one  of  these  formations.  When  the 
Ohio  Survey  was  suspended  in  1838,  little  was  known  respecting  these 
fossils ;  and  since  that  period,  very  little  progress  has  been  made. 
Fossils  are  too  scarce  to  supply  this  deficiency  with  much  rapidity. 
In  1842,  Mr.  Hall  of  the  New  York  survey,  made  a  reconnoissance  of 
the  western  rocks,  and  after  some  examination  of  the  fossils  of  the 
fina  grained  or  waverly  sandstone,  suggested  a  division  of  it  into  two 
formations.  This  had  never  occurred  to  the  Ohio  geologist,  for  two 
reasons.  The  southern  half  of  the  state  was  the  principal  seat  of  their 
examinations,  and  here  it  is  by  no  means  certain  that  a  division  is 
called  for,  on  the  rules  of  paleontology.  The  fossils  are  meager  in- 
deed, and  at  this  hour  unstudied.  The  external  characters  are  marked^ 
and  throughout  each  formation,  uncommonly  persistent. 

The  border  of  the  primary  region  of  St.  Lawrence  and  Jefferson 
counties  affords  a  favorable  opportunity  of  studying  the  relation  of  the 
white  limestone  to  the  potsdam  sandstone,  and  in  no  instance  has  the 
latter  been  observed  below  the  former. 

In  several  localities  has  the  limestone  been  observed  between  the 
sandstone  and  gneiss,  with  indications  that  it  is  intermediate  in  age 
between  the  two. 

This  white  limestone  is  of  interest  to  the  mineralogist,  as  being  the 
repository  of  many  of  the  more  rare  and  elegant  species  of  minerals 
that  occur  in  this  section  of  New  York. 
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This  fumislies  an  opportunity  of  noticing  a  series  of  associatioss 
which  tend  to  confirm  facts  that  hare  been  remarked  in  other  parts  of 
the  Union. 

Among  the  species  which  are  found  in  no  other  rock  in  this  region, 
are  the  following:  Scapolite,  phlogopite,  apatite,  zircon,  lozoclase, 
brown  tourmaline,  pyroxene,  chondrodite,  and  spinelle. 

The  last  two  mentioned  minerals  had  not  been  observed  in  quantity 
north  of  the  great  primitive  region  of  New  York,  previous  to  the 
spring  of  1 850,  a  fact  that  was  considered  remarkable  since  the  other 
mineral  associates  of  white  limestone  were  strikingly  similar  to  those  of 
Orange  county.  New  York,  and  certain  localities  in  New  England 
where  chondrodite  and  spinelle  are  common. 

In  March,  1860,  the  writer  discovered  a  locality  of  the  former  in  the 
town  of  Rossie,  St.  Lawrence  county,  in  which  this  mineral  was  dis- 
seminated through  the  limestone  in  the  greatest  abundance,  and  over  a 
considerable  tract  of  country.  This  was  soon  followed  by  the  obser- 
vation of  small  rose  colored  crystals  of  spinelle,  disseminated  through 
the  rock,  in  rare  instances  attaining  the  diameter  of  three-fourths  of 
an  inch. 

The  association  of  pargasite  with  scapolite  and  pyroxene,  of  apatite 
with  zircon,  and  of  serpentine  and  rensalaerite  with  white  limestone,  is 
also  very  constant. 

Many  of  the  facts  above  enumerated  were  previously  well  known, 
and  similar  associations  have  been  remarked  in  other  instances.  Their 
occurrence  in  this  section  may  tend  to  confirm  the  observations  of 
others,  and  serve  to  establish  some  of  the  general  principles  which 
govern  the  distribution  of  mineral  substances,  and  ultimately  lead  to  a 
knowledge  of  the  causes  that  may  have  operated  to  produce  them. 

The  Black  Shale,  a  dark  laminated  argillaceous  and  bituminous 
schist,  with  septoria,  has  no  fossils — at  least  I  never  saw  or  heard  of 
more  than  (me,  which  was  found  near  its  surface,  in  Franklin  county, 
and  resembled  a  Lycopodia. 

This  "  Black"  shale  rests  on  the  non-laminated,  thick-bedded,  buff- 
colored  limestone;  replete  with  fossil  shells,  and  some  Crustacea. 
Above  the  shale,  is  the  fine-grained,  greenish-gray  sandstone,  called, 
provisionally,  the  "  Waverly ;"  bedded  in  flags,  (such  as  are  used  on 
the  sidewalks  of  Cleveland,)  and  quarry  stone  ;  with  true  and  smooth 
faces ;  having  ripple  marks  ;  and  alternate,  thin  bands  of  argillaceous, 
light-colored  shale  between  the  flags.     On  it  rests  the  iron-stuned. 
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yellowish,  ooarae-grained,  pebbly  sand  rock,  or  "eonglomerate."  To 
tlie  eye,  nothing  can  be  more  different  than  these  rocks,  and  in  strati- 
fication, they  do  not  incline  to  mingle  their  beds. 

In  that  portion  of  Ohio  north  of  the  national  road,  as  we  proceed 
along  the  strike  of  these  beds,  towards  the  New  York  rocks,  a  change 
is  observed,  and  a  tendency  to  separate  into  members;  the  fossils 
become  more  plenty,  and  new  beds  introduce  tbemselyes.  It  was  in 
this  portion,  (especially  from  the  State  line  westerly  along  the  Lake 
shore,  and  the  bluffs  of  the  Cuyahoga  river  to  Akron,)  that  Mr.  Hall 
made  his  principal  examinations ;  and,  no  doubt,  correctly,  came  to  the 
eonclusion,  that  there  should  be  more  divisions  than  the  Ohio  Reports 
recognized.  It  was  also  precisely  in  this  most  interesting,  and  most 
complicated  geological  field,  that,  owing  to  the  sudden  close  of  the 
survey,  the  last  work  was  done.  The  few  fossils  collected  were  not  at 
that  time  examined,  and  the  most  that  could  be  exhibited  in  the  second 
Report,  was  a  physical  section  along  the  dip,  showing  the  succession 
and  thickness  of  the  individual  beds,  separated  lithologically  from 
Cleveland  south-easterly  to  the  comer  of  that  part  of  the  ^te  of 
Ohio  called  the  Reserve.  At  that  time,  (1838,)  the  splendid  results 
of  the  New  York  survey  had  not  transpired ;  consequently^  even  With 
all  the  European  researches  before  us,  it  would  have  been  a  protracted 
labor  to  arrange  the  strata  of  north-eastern  Ohio  into  their  true 
geological  families. 

Neither  can  it  be  done  at  this  moment,  for  the  want  of  fossils^  and 
of  examination.  My  present  intention  is  merely  to  show  the  rel^on 
of  these  rocks  to  the  New  York  formations,  of  which  they  are  evi- 
dently th^  fisappearing  remnants,  thinning  out  towards  the  west.  I 
say  the  < "relation,''  although  with  many  of  then^  it  is  yet  difficult  to 
discover  any.coiknection,  but  rather  a  want  of  it.  This  discrepancy  is 
probably  more  apparent  than  re$il ;  for  in  distances  so  short,  as  from 
Chaiauque  eaun^,  New  York,  to  Cleveland,  Ohio,  on  which  there  are  no 
breaks  in  the  strata,  and  very  little  dip,  we  should  anticipate  little 
-change  in  g^logical  position. 

On  the  south-west,  we  have  the  researches  of  Dr.  Owen,  Dr.  Locke, 
Dr.  Yandell,  Dr.  Bhumard,  and  others  of  equal  industry.  >  The  rocks 
from  the  oliff,  as  shown  at  the  Falk  of  the  Ohio,  upward  to  the  coal, 
have  bee^'  much  studied  by  these  gentlemen ;  and  the  results  thus  bur 
have  been,  instead  of  order  and  equivalency,  confasipn  wi  idispre- 
pancy.  There  is  little  agreement  with  the  NeW  York  rocks,  ^d  by 
14 
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no  means  a  perfect  agreement  with  the  European  Bjvtema,  as  the 
examinations  atand  at  the  present  time.  Perhaps  a  companion  of  the 
various  opinions  hitherto  elicited,  in  reference  to  the  equiyalency  of  the 
rocks  above  the  cliff  and  below  the  eoal,  as  exhibited  in  New  York,  in 
Ohio,  and  in  Kentucky,  may  be  of  jfature  use  in  reconciling  the  doubts 
and  contradictions  that  now  exist. 

The  object  of  this  paper  is  more  to  point  out  the  differences  to  be 
reconciled,  than  a  solution  of  the  difficulty.  It  will  be  something 
towards  a  solution,  to  present  the  true  questions  to  be  settled.  It  wiU 
make  the  comparison  more  distinct,  to  take  the  ConglomeraU  as  Uie 
starting  point,  and  give  downvxtrd  aecUona  from  that  rock»  whose  posi- 
tion adn&its  of  no  doubt. 


Section  of  the  Rocks  of  Chagrin  Falls,  0.,  eighteen  miles  east  of 
Cleveland,  from  the  Conglomerate  downward, 

Istr  Conglomerate  or  pebbly  sandstone,  the  base  of  the  coal  series, 
Lower  Fall,  489  feet  above  Lake  Erie. 

2d.  Soft  Aeh-oclored  Shale^  thickness  110  feet;  weathers  easily  into 
a  light  yellow,  tough  clay ;  breaks  at  joints  into  small  pieces ;  has  a 
few  bands  of  fine-grained  sandstone,  5  to  6  inches  thick.  Near  the 
bottom,  saw  an  impression  apparently  part  of  the  buckler  of  a  Trik- 
bite,  not  distinct ;  and  a  vegetable  belonging  to  the  Graminiese. 

3d.  Ydlowieh'£freen,  arffUlaceoue,  soft,  fine-grained  Sandrock,  thick- 
ness 16  feet ;  tmged  by  sulphur,  argil,  and  iron ;  in  beds  and  flags, 
1  inch  to  18  inches,  with  beds  of  thin  shale  intervening. 

4th.  Etaek  Shale,  thickness  13  feet ;  upper  part  tender,  lower  part 
tough  and  slaty ;  near  bottom,  thousands  of  lAngtUa  epatulata,  atd 
OrMcula  lodeneie ;  also  fragments  resembling  Gramina,  and  another 
resembling  a  Cyclopterie — ^none  of  them  distinct. 

5ih.  Choree-grained  Sandstone,  or  "  Orindstone  Grit,"  thickness  38 
feet ;  in  flags  and  regular  beds,  with  smooth  faces ;  ripple  marks  very 
perfect;  2  inches  to  16  inches  thick;  good  quarry  stone  and  grind- 
stones; /ossUfish  about  10  feet  from  surface.  This  bed  is  nearly 
horisontal  along  the  Lake  shore ;  its  out-crop  being  at  tihe  first  rise 
above  the  Lake  ridges  ;  it  is  seen  at  Euclid,  Newburg,  Independence^ 
Brandywine  Mills,  Peninsula,  Middlebury,  Elyria,  and  Brownhefan, 
Lorain  county,  Ohio.  The  east  pier  of  die  Harbor  of  Cleveland,  and 
the  Mftrine  Hospital,  are  built  of  this  rock. 
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Sih.  Broum$k  and  Qreenith  ShaU9^  with  numerous  bands  o£  hard, 
close,  fint-grained  sandstone ;  these  lie  in  beautiful  flags,  with  rippk 
marks,  and  beds  from  1  to  18  inches  thick;  some  soft,  argillaceous, 
and  weathering  to  an  iron  color ;  others  hard,  close,  and  flinty.  The 
arg^aceous  and  ferruginous  beds  peel  off  at  the  ingles,  in  concentric 
segments,  forming  rounded  edges.  Thickness  not  known — ^probably 
400  feet,  to  cliff  limestone. 

Following  the  Chagrin  river  below  the  Falls,  to  the  Lake  about  20 
miles  by  the  channel,  the  member  No.  6  is  seen  aU  the  way,  consisting 
of  alternate  thin  beds  of  shale,  ironstone,  and  sandstone.  The  same 
section  of  the  same  rook  is  seen  in  the  ralleys  of  the  Cuyahoga,  of 
Rocky  riyer,  Black  or  Vermilion,  and  Huron — the  relation  between 
the  quantity  of  shale  and  sandstone  varying  very  much.  In  places,  as 
on  IfOl  creek,  a  tributary  of  the  Cuyahoga,  there  is  a  thickness  of  20 
and  even  40  feet  of  hard  black  shale,  without  layers  of  fine-grained 
sandstone,  or  ironstone.  In  these  frequent  changes  of  composition,  we 
recognise  a  characteristic  of  the  upper  rocks  of  the  4th  District  of  Hew 
York.  A  few  miles  west  of  the  Huron  river,  and  about  60  miles  west 
of  Cleveland,  it  rests  on  the  buff-colored  or  cliff  limestoae  of  Ohio. 
This  space  between  the  "grindstone  grit"  and  the  "cliff,"  embraces 
the  waverly  sandstone,  and  the  "Black  Bhale"  of  the  Ohio  Reports. 
But  here,  what  portion  should  be  called  <' waverly,"  and  what,  shale,  is 
not  easily  determined. 

In  the  southerly  part  of  the  State,  the  termination  of  each  forma- 
tion isr  apparent.  In  a  section  which  will  be  given  below,  taken  at 
Newburg,  near  Cleveland,  a  thickness  of  25  feet  of  tolerably  compact, 
fine-g;rained  or  waverly  sandstone  will  be  seen.  Above  the  thick- 
bedded  portion  is  15  to  17  feet  oi  flags  of  the  same  stone,  separated 
by  thin  beds  of  shale.  At  Kingsbury  Quarry,  and  at  Newburg  Mills, 
on  Mill  creek,  immediately  below  the  thick-bedded  sandstone,  is  a 
shale,  or  slate  that  could  not  be  distinguished  from  the  black  slate 
beneath  the  waverly,  at  Columbus  and  Chillicothe.  But  on  the  Ohio 
canal,  at  Boston  Peninsula,  20  miles  south  of  Cleveland,  the  thick 
beds  are  much  more  dispersed ;  and  the  shale  below  is  soft  and  green- 
ish, with  bands  of  ironstone ;  and  the  same  on  Rocky  river,  Vermilion 
river.  Chagrin  and  Grand  rivers,  and  on  Conneaut  creek,  near  the 
Pennsylvania  line.  I  am  able  to  give  a  detailed  section  of  about  100 
feet  of  No.  6,  beginning  at  the  inferior  face  of  the  "grindstone  grit,  and 
counting  dovrnwards ;  it  is  taken  in  the  valley  of  Big  Brook,  a  small 
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tributary  of  Chagrin  river,  in  the  township  of  Orange,  Cuyahoga 
county: 

1 .  Brown  Shdie, «0  feet. 

2.  Quartsose  Sandstone, 1     " 

3.  Shale, 12     « 

4.  Close,  fine-grained  Sandstone,  (fossil  shells  in  great 

numbers, 2" 

6.  Shale,  with  bands  of  Sandstone,        -        -        -        -  20     " 

6.  Close,  hard,  fine-gramed  Sandstone,      -        -        -  1^  " 

7.  Shale,  with  bands  of  hard,  close  Sandstone,       -         -  25     " 

8.  Solid  Shale,  with  thin  beds  of  Ironstone,        -        -  16    ** 


96^  feet. 


At  Kingsbury  Quarry,  in  Newburg,  about  12  miles  north-west  by 
west  of  Big  Brook,  the  section  is  materially  different ;  thus,,  from 
grindstone  grit,  downwards — 

1.  B.ed  Shale,  (homogeneous,) 16  feet* 

2.  Blue  Shale,  with  flags  of  fine-grained  Sandstone,      -        27    " 

3.  Thick-bedded  Waverly   Sandstone    bottom,    168   feet 

above  Lake  Erie, 26    " 


68  feet 


I  will  here  introduce  a  tabular  view  of  the  rocks  from  the  Conglom- 
erate, downwards,  as  seen  in  New  York,  Pennsylvania,  Ohio,  and 
Kentucky. 
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I  have,  for  the  purpose  in  hand,  regarded  the  "coarse-grained  sand- 
stone/' forming  the  base  of  the  coal  in  western  Eentuc^,  as  the 
equivalent  of  the  conglomerate ;  although  I  am  not  aware  that  the 
fossils  of  this  sandstone  have  been  foimd  in  our  conglomerate. 

These  consist  oi  Crinoidea,  Terebratula  and  fishes.  The  Pennsyl- 
vania column*  embraces  only  a  portion  of  the  beds  between  the  con- 
glomerate and  the  cliff,  but  in  the  absence  of  a  final  report,  is  the  best 
section  at  conimand.  From  it  little  can  be  inferred  on  the  subject  of 
equivalency.  The  old  red  sandstone  can  scarcely  be  said  to  exist  in 
western  New  York,  as  it  dwindles  to  a  mere  representative  of  that 
rock  soon  after  we  pass  the  Oenessee  river.  No  one  has  reported 
its  presence  farther  west.  We  are  now  prepared  to  contrast  more 
minutely  the  various  beds  represented  in  our  table. 

In  the  early  part  of  the  investigations  in  New  York,  the  Chemung 
and  Portage  groups  were  thought,  though  not  with  the  greatest  confi- 
dence, to  be  SUurian. 

Mr.  Hall,  after  examination,  felt  no  hesitation  in  pronouncing  the 
changeable  beds,  included  in  No.  5  of  the  Oluo  column  above  given, 
to  be  the  Ohemung,  Portage,  Hamilton  group,  and  Marcellus  shale. 
The  black  shale  overlying  the  cliff  limestone  at  Columbus,  Ohio,  and 
also  found  at  the  Falls  of  the  Ohio  river,  resting  upon  the  calcareous 
beds  of  that  region,  he  had  no  doubt  were  the  MarcdluB  9hale.\ 

In  Indiana,  his  Chemung  group  supported  a  group  of  gray  sand- 
stones and  limestones ;  the  latter  having  an  oolitic  structure.  This 
group  was  at  the  base  of  the  conglomerate  of  the  coal  series,  and  the 
group  itself  confessedly  carboniferous.  Thus  the  Devonian  and  old  red 
would  be  wanting  about  the  Falls  of  the  Ohio,  and  the  upper  silurian 
would  abut  directly  upon  the  carboniferous.  But  more  investigation 
induced  the  New  York  geologists  to  cut  off  the  rocks  from  the  HamUUm 
(including  a  part  of  it)  to  the  old  red ;  from  the  silurian  strata  and 
attach  them  to  the  Devonian. 

At  the  same  time  the  western  geologists  were  prying  into  the  pale- 
ontology of  the  lower  Ohio  river,  and  concluded  that  the  "black  slate" 
of  the  Falls  (the  Hamilton  of  New  York,)  was  certainly  Devonian,  and 
with  it  some  of  the  beds  of  the  cliff  limestone. 

No.  7  of  our  table,  caDed  the  "  Coralline  Beds,*'  is  by  Drs.  Clapp, 
Yandell,  and  Shumard,  divided  as  follows:     "Upper  Coralline,"  20 

*  (Omitted  by  direction  of  the  author.) 
t  Geology,  Fourth  District,  pp.  501,  502,  503. 
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feet;  "Lower  CoraUine/'  20  feet.  In  1847^  M.  Yemeuil  spent  scmie 
days  in  the  yicinity  of  Louisyille,  and  detennined  to  fix  the  line  separat- 
ing the  Devonian  and  Silurian  strata*  between  the  upper  atnd  kmer 
Condline  beds  of  the  Falls,  thus  sinking  it  still  lower  in  the  column. 

Oftw^w  species,  which  are  next  below  this  line,  9evm  are  con^mon 
to  the  Silurian  and  DeTonian,  and  five  are  Silurian* 

Of  twenty  species  belonging  to  the  upper  beds,  tea  are  eommon  to  the 
SQurian  and  to  the  Deyonian,  and  ten  are  exclusively  Devonian. 

There  are  fossils  also  in  the  upper  part  of  the  "  Cliff"  at  Columbus, 
Ohio,  that  are  Devonian. 

The  shell  beds  of  the  Falls  of  Ohio,  are,  by  all,  regarded  as  identi- 
cal with  the  ''Comiferous"  of  New  York;  and,  therefore,  the  base 
of  the  Devonian  in  New  York  is  certainly  ae  low  as  the  Onondaga 
limestone. 

In  the  plate  which  accompanies  (his  mem<Mr,  are  drawings  of  such 
of  the  fossils  of  my  cabinet,  collected  in  northern  Ohio,  aa  belong  to  the 
geological  space  under  consideration,  which  I  am  not  aUe  to  identify. 

Also,  an  undescribed  fish,  from  a  apecimen  bdonging  to  Jehu 
Brainerd,  from  the  '^ grindstone  grit."* 

These  figures,  together  with  the  physical  seetions  I  am  able  to  pre* 
sent,  are  offered  with  a  view  to  assist  those  who  are  investigating  the 
equivalency  of  the  western  rocks,  under  better  circumstances,  both  in 
the  United  States  and  in  Europe. 

Mr.  Hall  unhesitatingly  pronounces  the  fine-grained  sandstone  at 
Newburg,  near  Cleveland,  and  the  Waverly  <^  the  Ohio  Reports,  to 
be  a  member  of  ''Portage  group."  In  arrangmg  the  rocks  of  Cuya- 
hoga, and  the  adjacent  counties,  by  external  charaeters,  as  we  are  yet 
compelled  to  do,  in  the  absence  of  a  paleontologieal  dassificatioa,  I 
select  as  a  guide,  or  starting  point,  those  that  are  most  striking  and 
persistent  These  are  the  ''conglomerate"  and  the  "grindstone 
grit."  They  are  easily  identified,  because  they  are  eoareersn^ned,  and 
are  surrounded,  above  and  below,  hj fine-grfdned^  argillaceous,  or  shaly 
beds.    In  the  New  York  Reports,  I  do  not  recognise  our  grindstone 

grit- 
Its  lower  face,  at  Chagrin  Falls,  is  316  feet  above  the  lake  at  New- 
bury, (Eingsburg,)  223  at  Bedford,  Cuyahoga  county,  282  at  the 
Peninsula  on  the  Ohio  Canal ;  26  miles  south,  it  is  178 ;  and  at  Elyria, 
24  miles  west  of  Cleveland,  about  90  feet,  descending  or  thickeolng 
downwards  to  the  west  and  southwest 

*  See  Report  of  Ftof  AgBMix. 
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The  inferior  face  of  the  conglomerate  in  New  York,  is,  in  Chatauqne 
county,  about  1,700  feet;  at  Meadrille,  Pa.,  966;  at  Russell  Center, 
three  miles  above  Chagrin  Falls,  489 ;  and  at  the  OM  Forge,  near 
Akron,  Summit  county,  443.  The  line  of  outcrop  of  this  rock,  there- 
fore, sinks  as  we  proceed  westerly  from  New  York,  and  the  subordi- 
nate rocks  thin  out  at  about  the  same  rate,  that  is  to  say,  from  about 
2,800  feet  to  about  760. 

At  Kingsbury's  quarry,  Newburg,  the  local  section  next  below  the 
grit,  is  somewhat  different  from  that  at  Chagrin  Falls,  to  wit : 

SKcnow  AT  Kiwosbubt'b  Quabrt,  (downwards.) 

1.  Bed  shale — surface  same  as  base  of  grindstone  grit,  or  228  feet 
at  Lake  Erie — thickness,  16  feet. 

2.  Gh-eenish-blue  shales,  and  thin  fine-grained  flags — ^used  at  Cleve- 
land for  side-walks — 27  feet.  ^ 

3.  Thin  and  thick  bedded,  fine  grained  sandstone— "Waverly'*  of 
Ohio,  and  ** Portage"  of  New  York— 26  feet. 

4.  Black,  bituminous,  tough  slate — surface  160  feet  above  Lake 
Erie,  and  extendmg  beneath  its  surface. 

The  red  shale  is  occasionally  seen  beneath  the  grit  to  the  westward, 
for  40  miles,  but  in  places  is  wanting.  I  know  of  no  fossils  in  the  red 
shale,  a  material  which  is  now  extensively  used  as  a  coarse  pedtU,  being 
simply  ground  in  a  mill  like  plaster,  and  bolted.  In  fact  all  the  shales 
of  the  Western  Reserve  seen,  black,  green,  and  red,  both  of  the  coal 
series,  and  of  the  rocks  below,  are  now  ground,  bolted,  and  sold  as 
"mineral  paint,"  in  Ohio  and  New  York.  Mr.  Blake,  of  Sharon,  Me- 
dina county,  was  the  first  person  who  turned  the  shales  to  that  use. 
Some  of  them  give  an  agreeable  color,  and  are  much  used  for  out 
houses  and  roofe.  The  finest  in  grain,  and  those  which  contain  the 
greatest  portion  of  magnesia,  are  preferred. 

The  rocks  in  northern  Ohio,  between  the  "grit"  and  "cliff,"  might 
well  be  named  the  "Protean  group,"  their  externals  change  so  fre- 
quently. At  Newburg  Falls,  the  thick  bedded,  fine-grained  sandstone 
rest  on  the  tough,  black  slate,  seen  at  Kingsbury,  and  which  is  like 
that  seen  at  Columbus,  Ohio.  '  At  the  Peninsula  in  Bbston,  about  20 
mUes  up  the  valley  of  the  Cuyahoga  riVer,  and  at  Bedford,  Cuyahoga 
county,  the  beds  beneath  the  thick  bedded,  fine-grcined  sandstone,  are 
of  soft,  blueish  shale,  with  thin  bands  of  iron  ore,  and  sandstone  flags 
Such  is  the  general  composition  on  the  Chagrin  and  Grand  rivers, 
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east  of  GleTeland;  also,  on  Cuyahoga,  the  Rooky,  the  Black,  and  Ver- 
milion rivers.  Below  the  Falls  of  Black  river,  at  Elyria,  the  shale  is, 
in  places,  red ;  in  others,  dark  and  tough.  My  impression  is,  that  the 
"grit"  wedges  out  and  disappears  soon  after  it  passes  beneath  the 
conglomerate  to  the  southward. 

I  will  now  give  the  fossils  known  to  me  as  having  been  found  in  each 
of  the  divisions  in  the  Ohio  column  of  the  table  of  formations. 

No.  1,  OB   FIRST   BELOW   THE    CONGLOMERATX. 


NAMK  OF  FOSSIL. 

LOCATION  Uf  OEXa 

CORRESFOJfDUrO  FORSiaN 
BOCKS 

Faooides  grapbica, 

Near  Akron, 

Portage  group,  New  York. 

Delthyris  inermis, 

li       ti 

Chemung  group   **       «• 

Atrypa  laticostata, 

Weymouth,  Medina  co.. 

*«           i(       u       it- 

Clymenia  comphnataf 

U                               41                  ki 

Portage        *•       "       " 

Strophomena  pectinacea, 

It                             tt                 U 

Chemung    "       *'       *• 

Pleurotomaria  Lloydi, 

t.                             ((                 «t 

Lower  Ludlow. 

Strophomena  octostriata, 

Akron,  Summit  county. 

Chemung  group.  New  York . 

Ungolina  suborbicularis* 

i.                     »(                      i4 

Portage       •'         **       " 

Plate,  figs.  A  and  A  a, 

4(                            it                   M                »i 

Plate,  figs.  B,B  band  B,* 

Weymouth, 

.1                                  ii                      .i                   t4 

An  undetermined  ehell  like 

a  Pfleopsis,  and  another 

like  a  Platnotonaria, 

Weymouth, 

li                                 li                      tl                   «• 

Atiypa  lemifonniB, 

" 

TuUy  limeatone. 

No  determined  fossils  have  as  yet  been  seen,  at  Chagrin  Falls,  in 
the  **ash  colored  shale,"  but  the  imperect  forms  remaining  show  their 
existence  for  future  discoverers. 

At  Akron  and  Cuyahoga  Falls,  the  beds  next  below  the  conglom- 
erate embrace  a  stratum  of  water  lime,  which  was  used  in  the  con- 
struction of  the  first  flight  of  locks  from  the  Portage  Summit  northward. 
Here  Mr.  Hall  identifies  the  rocks  as  of  the  Chemung  group,  and 
observed  Strophomena,  Atrypa,  Cypricardia,  Orbicula  and  Lingula. 

"No.  2 — Thick  bedded,   fine-grained  sandstone — ^no  distinguishing 


No.  3 — BlacJs  ahale.  Chagrin  Falls^  Lmgula  spatulata,  and  Or- 
bicnla  lodensis;  fossils  of  the  Genessee  slate  of  New  York,  and  of 
the  black  slate  of  Kentucky  iand  Tennessee. 

No.  4 — Ghrindstane  ffrit — ^fossils,  only  the  fish  shown  in  our  engrav- 
ing, its  tan  hetcrocercal. 
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No.  5 — includes  aU  below  the  grit  to  Lake  level.    Siales,  sand- 
stones and  flags. 


FOSSILS* 

LOCATION 

oQERXsroimifa  fobicjltiohs. 

Bellerophon  globatas, 

Big  Brook,  Orange,  Oxyh- 
hoga  CO.,  Ohio, 

Old  red  sandstone. 

Goniatite~we  plate. 

Big  Brook. 

It     Ii         ti 

Atrypa  laticostata, 

it       ii 

Chemung  group. 

Cucullea   antiqua,  (?)    See 

plate  C,  C,  C  c. 

••       •'    and  Bedford, 

Old  red. 

PUteJB, 

U             it 

ii     «* 

•'     DfmdDd, 

Northfield,  Summit  eo., 

ii          44 

•*     F,Ff, 

U                              l<                    »< 

t4           t« 

The  shells  represented  in  the  plate,  page  220,  are  given  to  make 
the  reader  as  fully  acquamted  with  the  fossils  of  the  rocks  between 
the  conglomerate  and  the  "cliff,"  in  northern  Ohio,  as  those  who 
reside  here  are  at  this  time. 

The  engravings  represent  all  the  shells  within  my  knowledge,  which 
I  do  not  recognize  in  the  few  works  to  which  I  have  access.  Having 
just  given  a  list  of  all  the  shells  hitherto  found,  including  those  here 
figured,  by  reference  to  the  works  on  the  corresponding  rocks,  for  such 
as  are  not  in  the  plate,  the  reader  may  study  our  rocks,  with  all  the 
helps  we  possess,  on  the  spot,  and  probably  with  better  geological 
works  and  illustrations.* 

The  Lingula  and  Orbicula,  of  the  black  shale,  were  first  discovered 
by  Mr.  Brainerd ;  and  we  owe  to  his  care  the  preservation  of  the 
splendid  specimen  of  a  fish,  from  the  grit,  of  which  we  give  a  reduced 
figure.  It  was  first  noticed  by  Mr.  Hiram  Gleeson,  while  working  a 
quarry.  Mr.  E.  Bussell,  of  Chagrin  Falls,  has  assisted  Mr.  Brainerd 
and  myself  in  our  collections. f 

*  Several  of  the  ibasils  given  as  belonging  to  our  rocks,  were  ooUected  by  Mr.  Brain- 
erd. the  artist  who  drew  and  engraved  the  shells  here  represented.  Whoever  examines 
these  can  rest  assured,  that  they  are,  as  far  as  they  go,  fiuthfiil  representations,  for  Mr. 
B.  is  a  close  student  of  natural  history,  as  well  as  an  artist ;  and  feels  the  necessity, 
which  a  mere  artist  seldom  does,  of  giving  the  minute  characteristic  markings  of  an 
object,  rather  than  a  general  picture. 

t  After  the  proofs  were  taken,  both  of  us  oompared  the  impression  with  the  fossil 
before  us,  and  corrected  every  thing  essential  to  a  good  undexstanding  of  the  figures, 
except  the  shell  P,  i^,  where  the  radiating  lines  are  too  prominent  when  contrasted 
with  the  concentric  lines. 
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Tke  goniatite,  fig.  1,  is  an  e:cact  copy  of  the  speoimeQ,  neither 
restored  nor  dimixuBhed,  and  is  like  all<  of  the  others,  of  the  natural 
size. 

Fig.  2  riiowg  the  same  entirely  digested  of  its  shell,  T^ith  very  dis- 
tihot  oblique  waving  liaes^-the  mouth  wanting,  'i  he  fine  parellel  Unes 
of  the  external  surface  of  the  shdl  are  equally  distinct,  and  directed 
toward  the  mouth,  nearly  at  right  angles  to  the  maxiungs  of  the 
internal  surface.  On  the  back  is  a  ridge  or  line,  very  true  and  well 
defined,  from  which  the  lines  of  the  outside  of  the  shell  d^art,  in 
acute  and  equal  angles.  The.  point,  or  inner  termination  of  the  coil» 
IB  in  the  plane  of  the  shell,  but  does  net  touch  it.  This  specimen  is 
the  only  one  I  have  seen.  It  was  found  at  Sheldon's  saw-mill,  about 
one  mile  east  of  the  center  of  Orange,  Cuyahoga  county,  Qhio,  in  a 
ledge,  at  the  Falls  of  Big  Brook,  and  not  more  than  26  or  30  feet 
below  the  "grit."  It  lay  on  the  surface  of  a  thick  layer  of  fine- 
grained sandrook,  which  had  about  an  inch  of  very  hard  ferruginous 
cement,  making  it  almost  impossible  to  cut  away  from  the  fossils  and 
develope  their  form.  The  shelld  here  are  very  numerous  and  well 
preserved ;  and  I  have  observed  throughout  the  field  hom  which  these 
are  procured,  that  fossils  are  very  soarce,  except  in  places  where  there 
is  iron  rust  seen  between  the  layers.  The  oxide  has  evidently  acted 
as  a  preserver  to  animals  whose  bodies  would  otherwise  have  been 
decomposed  before  the  impression  was  made  on  the  rock. 

C  C  and  Cc,  are  different  views  oi  a  beautiful  eqtu-valved.  shell, 
very  numerous  and  very  perfect,  that  lies  from  26  to  40  feet  below  the 
**gntr'*  at  Bedford  and  Orange. 

C,  of  figure  1,  is  a  back  view,  pardy  open ;  0,  the  same  from  the 
Bedford  shell,  closed ;  and  Ce,  the  internal  view  of  one  valve. 

With  the  exception  of  the-  crenatic  hinge^  it  compares  closely  with 
the  shell  figured  in  Murehison,  Plate  III,  fig.  12,  a.  The  artist  has  ix^ 
the  drawings,  supersedcrd  the  necessity  of  dwelling  lohger  on  this  per- 
feetly  symmetrical  and  elegant  mollusk. 

JB  is  the  downward  external  view  of  the  dcffsal  valve  of  a  shell 
found  in  great  numbers  at  Weymouth,  Medina  county,  about  80  feet 
below  the  conglomerate,  and  of  which  Bb  is  the  internal  view.  The 
radial  Imes  are  not  continuouB  from  l^aok  to  front,  but  wrinkled,  sad 
sometimes  branching,  exactly  as  sketched.  JB*  represents  a  aide  vie# 
of  hoth  valves,  all  of  Uie  sise'of  nature*    The  two  are  never  found 
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together,  although  hundreds  of  the  shells  may  be  found  in  the  same 
square  rod,  mingled  in  confusion.  It  has  not  yet  been  seen  at  any 
other  place  than  Weymouth,  which  is  situated  on  the  w«st  branch  of 
the  Rocky  river ;  and  they  are  most  abundant  near  the  mills  of  Mr. 
Ferris  Stiles. 

^  is  an  unknown  shell,  of  which  all  that  has  yet  been  seen  is  repre- 
sented.  Neither  the  hinge  nor  the  internal  yiew  can  be  seen ;  and  in 
the  ferruginous  portion  of  the  sandrock,  the  fracture,  if  we  try  to 
expose  a  shell,  is  as  likely  to  go  through  as  along  the  fossil.  It  is 
probably  a  bivalve,  of  which  this  is  the  dorsal,  with  an  incurrated 
beak  and  a  short  hinge,  and  is  gibbous*  A  small  one  is  shown  at  the 
left  hand  comer  of  figure  2,  in  the  same  position.  These  are  the  only 
ones  seen,  and  they  are  in  the  same  specimen  with  the  goniatite  firom 
Big  Brook. 

The  shell  A  Aa  \s  from  near  Akron,  half  a  mile  west  of  Look  10, 
and  about  40  feet  below  the  conglomerate.  Only  one  valve  has  come 
to  light,  of  which  an  internal  and  external  view  is  given.  It  appears 
to  be  the  Ungtdina  subarbictdaris  of  Hall,  4th  District,  page  164,  of 
the  Portage  group. 

On  the  lower  left  hand  comer  of  figure  1,  is  the  front  of  an  Ahypa 
IcUicostaia,  a  shell  ranging  from  above  to  below  the  grit. 

The  open  shell,  on  the  right  hand  upper  comer  of  figure  2,  is  the 
same  as  C7,  of  figure  1,  only  more  spread. 

0  is  an  extemal  view  of  a  single  valve  from  the  locality  of  B  Bb. 
The  hairy  looking  shell  J9  Dd,  was  found  in  Northfield,  below  the 

grit ;  only  one  valve  seen,  which  is  represented  in  the  drawing,  fipom 
within  and  without,  with  great  fidelity. 

F  Ff  are  two  views  of  a  single  valve,  from  the  same  spot,  and  about 
40  feet  below  the  grit.  In  the  specimen  the  concentric  lines  are  rather 
more  bold,  in  comparison  with  the  radiating  ones. 

At  the  right  hand  upper  comer  of  figure  1  is  a  small  sh^l,  presenting 
its  front,  which  may  be  taken  for  the  young  of  A^  but  is  more  regular 
and  symmetrical  in  form.  It  is  &x>m  the  Big  Brook  locality,  some  %b 
miles  distant  from  A^  which  is  below  the  grit;  while  that  shell  is  higher 
in  the  series,  near  ObA  conglomerate. 

1  believe  the  engraving  of  the  fifik^  (see  Agassiz's  Report,)  Leie 
shown,  ^ves  not  only  the  correct  air  or  expression  of  the  specimeo, 
but  all  the  details,  as  far  as  they  are  traceaUe.  Only  three  have  been 
found  ^  of  these,  Mr.  Brainerd  has  one,  and  the  cast  of  another,  which 
remain!  in  a  stepping-stone,  at  the  door  of  a  high  sohod  or  ftcadomjt 
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at  (Thagrin  Falk.  The  third  apecimea  ia  aaid  4o  lutye  been  found  aome 
years  since,  about  two  miles  distant ;  all  of  tkem  about  tan  feet  from 
the  surface  of  the  grit,  and  all  nearly  of  a  size.  No  other  foaails  of 
any  kind  have  as  yet  been  sesn  in  the  grit,  although  it  is  an  extensLye 
formation,  and  ia  quarried  in  more  than  tn  hundred  pkcea.  The 
dratring  is  reduced  to  about  one-fourth  the  original  size,  which  is 
llf  inches  in  length.  Its  pectoral  fin  is  plainly  seen,  but  somewhat 
emahed  and  injured,  so  as  to  destroy  the  outline,  in  part.  The  gill  is 
also  yisible,  but  distorted,  being  neither  more  nor  less  distinct  in  the 
figore.  It  is  not  practicable,  to  a  person  not  coBrenant  with  fossil 
fishes,  to  give  a  conjecture  of  the  structure  of  the  head,  except  that 
the  aiae  and  length  of  the  under  jaw  are  evidently  shown,  and  are  very 
great,  in  eompaiiacm  with  the  body.  The  fina  are  apparently  thin,  flat^ 
and  the  raya  membranona;  they  are  straight  and  parallel,  and  so  finely 
marked  as  not  to  be  readily  counted.  Those  of  th«  caudal  fin  are 
between  60  and  63 ;  of  the  dorsal,  14  to  16 ;  of  the  ventral,  16  to  18 ; 
and  of  the  pectoral  30  may  be  aeen,  but  these  are  not  the  whole 
number. 

The  jaw  of  a  foasil  fish  was  found,  by  D.  Christy,  E^q.,  near  the 
anrfiace  of  the  cM  limestone,  Delaware  county,  Ohio. 

As  I  have  shown  m  other  parts  of  this  article,  the  preponderance  of 
authority  is  now  such  as  to  render  it  almost  certain,  that  the  cliff  lime- 
stone, in  which  this  fossil  is  found,  belongs  to  the  Devonian  system. 

In  the  same  roek,  at  Columbus  and  at  Sandusky,  teeth  of  the  shark 
have  been  found. 
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9.  On  Quartz  Pxbblbb,  of  thb  Sandstone  Conolombbatb,  and  Rea- 
sons FOR  Rbjbctino  the  Tbbort  of  ''Water  Detrition."  By 
Prof;  J.  Brainerd,  of  Cleyeland. 

The  geological  position  of  the  conglomerate,  is  generally,  immedi- 
ately below  the  coal  series.  The  formation  contains  yegetable  impres- 
sions of  plants  of  the  coal  epoch.  In  the  location  from  which  the 
acc(»Dpanying  specimens  were  taken,  the  calamites  predominates. 
(Geauga  Co.,  Ohio.) 

1st.  There  appears  to  be  no  primitive  formation  of  Quartz  Rock, 
adequate  to  furnish  a  supply. 

2d.  Admitting  that  the  injected  quartz  veins,  of  the  primitive 
form  adons,.  are  adequate  to  furnish  the  necessaly  quantity,  the 
structure  of  the.  rock  proves  it  to  be  from  a  different  source.  Speci- 
men No.  1 ,  is  a  quartz  boulder,  from  the  primitive  rock.  No.  2,  is  a 
quartz  pebble  from  the  conglomerate.  The  former  is  highly  crjrstai- 
line  in  its  character,  a  feature, common  in  primitive  forn^attons.  The 
latter  in  its  internal  structure,  is  more  glassy  or  vitreous,  and  often 
contains  small  cavities  lined  with  oxide  of  iron,  as  in  the  specimen. 
In  some  respects  these  pebbles  resemble  the  nodules  of  flint  found  in 
chalk,  and  I  would  suggest  that  the  origin  of  the  two  may  have  been 
similar. 

3d.  Were  the  pebbles  of  the  conglomerate  water  woim  fragm^ite 
from  the  primitive  rock,  the  conglomerate  should  contain  other  frag- 
ments than  qnartz,  other  portions  being  equally  indestructaUe  and  as 
abundant. 

4th.  If  the  pebbles  of  the  conglomerate  are  transported,  and  water- 
worn,  by  what  process  have  they  been  deposited  in  the  interior  portion, 
or  chamber  stalk  of  the  calamite?  Such  examples  are  commouj 
where  no  fracture  of  the  stalk  is  shown. 

6th.  If  they  are  transported  and  water  worn,  by  what  means  have 
the  impressions  of  vegetables  been  stamped  upon  the  surface,  as 
though  the  pebble  had  been  in  a  soft  or  plastic  state  ?  This  feature  is 
finely  exhibited  in  the  accompanying  specimens. 

All  specimens  when  first  broken  from  the  mass,  present  under  the 
microscope  a  similar  impression  of  the  finer  grains  of  sand.  The  con- 
clusion seems  inevitable  that  this  formation  is  the  result  of  a  semi- 
crystallization,  from  water  highly  charged  with  silicious  matter  in 
solution. 
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10.    Ojr  THE  Chabacteb  of  the  Ybobtatioh  of  South  Wbstebx 
Texas.    By  Dr.  George  Eeoblmaek,  of  St.  Louis. 

Tax  flora  of  the  immense  territory  of  the  United  States  bears  a 
peculiar  common  character,  distinguishing  it  from  other  regions  of 
vegetation.  This  character  consists  in  the  preyalence  of  some  famiUea 
and  more  especially  of  the  Compoeiiaey  of  the  occurrence  of  others 
only  in  this  part  of  the  globe  (e.  g.  Mo^^noliacea),  and  in  the  great 
number  of  species  of  many  genera  knoT^n  in  other  countries  only  by  a 
fev  liring  representatives  or  among  the  fossil  remains  of  the  bronni 
coal  (tertiary)  formation.  Such  genera  are  the  oaks,  the  pines,  the 
horse  chestnuts  or  buckeyes,  the  maples  the  grape  rines  (  ViHs),  tiie 
birches,  the  walnuts  and  hickories.  The  magnolia,  the  gleditschiae  and 
the  sweet  gum  (Liguidambar)  are  in  Europe  only  found  among  the 
fossils.  Herbaceous  plants  exemplifying  this  character  are  the  asters, 
Bohdago,  helianthus,  asclepias,  etc. 

But  as  we  may  naturally  infer,  this  large  territory  shows  different 
regions  of  vegetation,  produced  or  influenced  by  climate,  conforma- 
tion of  the  surface,  geological  character  of  the  soil,  and  perhaps  other 
causes  not  so  readily  appreciable. 

Such  different  areas  are  the  north-eastern  Alleghanies  and  their 
slope  to  the  Atlantic ;  the  southern  part  of  that  mountain  range  and  its 
eastern  slope  to  the  ocean ;  the  sub-tropical  region  of  Florida,  so  dif- 
ferent from  that  of  Texas  though  in  the  same  latitude;  then  the 
western  slope  of  the  Alleghanies  towards  the  immediate  valley  of  the 
Uississippi ;  the  northern  and  the  southern  part  of  that  vaUey  itself, 
the  latter  including  north-eastern  Texas ;  again  the  region  of  ih^ 
western  plains  and  deserts;  that  of  the  Rocky  Mountains,  of  the 
Pacific  coast,  and  finally  the  peculiar  flora  of  southern  Texas,  or  of 
the  Bio  Grande  valley. 

Though  I  have  never  explored  that  country  myself,  the  extensive 
and  beautiful  collections  of  my  friend  Ferdinand  Lindheimer,  together 
with  his  very  full  notes,  enable  me  to  attempt  a  sketch  of  the  character 
p/  that  flora. 

And  I  here  take  the  liberty  of  again  reminding  you  of  a  remark 
made  from  this  place  a  day  or  two  ago  by  one  of  our  highest  auUiori- 
ties,  in  speaking  of  palceontological  collections,  and  which  can  not  be 
too  often  repeated  and  inculcated,  that  is :  it  is  not  only  the  coUeoted 
specimen  itself,  which  is  valuable,  but  the  notes,  the  data  in  regard  to 
exact  locality,  association  with  other  forms,  and  all  circumstances 
16 
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tending  to  enlighten  us  in  regard  to  it,  are  absolutely  necessary  to 
give  to  the  specimen  its  full  value. 

South-western  Texas,  as  I  regard  it,  to  judge  by  the  character  of 
its  vegetation,  has  its  natural  boundaries  to  the  north-east  on  the 
Brazos,  or  more  properly  between  this  and  the  Colorado  river ;  to  the 
south-east  in  the  alluvial  plains  which  extend  from  the  Gulf  coast  into 
the  interior,  and  which  bear  more  the  character  of  a  sub-tropical  vege- 
tation; to  the  south  and  south-west  by  the  Rio  Qrande,  or  most 
probably  by  the  northern  slope  of  the  Mexican  table  land  south-w«st 
of  that  river ;  and  to  the  north-west  by  the  mountains  and  plains  of 
New  Mexico. 

The  geological  character  of  this  country  is  well  known  through  the 
investigations  of  Prof.  Roemer,  to  which  the  notes  of  Lindheimer's  and 
others  have  added  some  details.  The  whole  of  this  country  with  slight 
exception,  is  of  cretaceous  formation ;  the  rocks  are  calcareous,  with 
cherty  mixture,  and  of  horizontal  stratification,  rising  in  several  pla- 
teaus or  terraces  one  above  the  other,  over  the  alluvial  lands  of  the 
sea  coast;  the  plateaus  often  with  steep  declivities,  and  not  rarely 
broken  up  into  level  topped  hills  with  terraced  slopes.  The  rivers 
and  brooks  are  clear  streams  often  with  wide,  shallow,  gravelly  beds, 
which  becoming  dry,  are  exposed  a  great  part  of  the  year,  and  having 
on  many  places  perpendicular  rocky  banks.  Along  the  fertile  mar- 
gins of  the  larger  streams  the  usual  forest  trees  of  the  sontbem 
States  are  found,  not  unfrequently  also  with  the  cypress  ( Taxodwm 
distichum),  and  on  the  slopes,  fine  cedar  woods  (Junipertis  vir^iniamu) 
frequently  close  the  view ;  other  pine  trees  are  unknown  in  this  dis- 
trict. On  the  thin  soil  of  some  parts  of  the  country,  scattering  post 
eak  woods  occur,  but  on  the  whole  larger  timber  is  scarce. 

The  elimate  is  mild,  not  too  warm  in  summer,  in  fact  it  is  said  to  be 
not  as  warm  as  that  of  the  central  j)ortion  of  the  Mississippi  valley  is 
from  June  to  August ;  in  winter  occasionally  ice  is  seen,  but  quickly 
disappears.  Farther  to  the  northwest  the  extremes  are  greater,  and 
in  the  southern  part  of  this  region  frosts  are  unknown.  Spring  opens 
with  F^ebruary,  rains  occur  at  that  time  and  often  as  late  as  May  and 
June ;  a  season  of  general  draught  follows  until  the  September  rains 
again  revive  the  vegetation.  It  is  then  that  early  flowering  shniba 
often  once  more  begin  to  blossom,  and  many  annuals  again  sprout  up 
and  bear  flowers  for  the  second  time,  assuming  an  almost  ligneona 
stem  and  apparently  perennial  root,  so  that  it  sometimes  beeonaes 
difficult  to  decide  whether  they  really  are  annuals.    Some  plants,  the 
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repreaeniatiyes  of  which  farther  north,  blossom  in  spring,  put  forth 
their  flowers  only  in  September  or  October;  as  Oxalii  vespertilio,  the 
near  relative  of  the  common  0.  viciac^a;  and  Ulmiua  cra$9^ia, 
closely  allied  to  (7i  alata. 

As  we  may  expect,  the  Flora  of  south-western  Texas  partakes  to 
some  extent  of  the  character  of  the  yegetatioA  of  the  adjoining  dis* 
tricts.  We  find  there  the  oenotherae  and  gaurae,  the  Bu£^o  grass, 
and  many  other  plants  from  the  northern  plains.  The  now  well 
known  Compass  *  Plant  of  the  prairies  (SUphmm  lacimaium)ia  also 
found  there.*  The  western  mountain  region  sends  down,  to  the  calca- 
reous plateaus  a  number  of  grasses.  Yucca  anffusHfolia,  some  Porlw 
l€bcaceae,  I^yctaffinaceae,  and  many  others. 

From  the  table  lands  of  Mexico,  and  particularly  its  northern  slopes, 
we  find  in  the  region  we  have  now  in  view  the  BoHvariae,  some  Mai- 
piffkiaceae,  some  ZigophyUaceae,  besides  the  MimoBeae  and  Cadaceae,  to 
be  mentioned  more  fully  hereafter ;  mostly  genera  or  families  not  found 
farther  north  or  east,  but  species  not  occurring  further  south. 

Many  herbaceous  plants  of  dififerent  famUies  are  quite  peculiar  to 
that  country.  Of  these  I  will  mention  only  BfUo$ma  Uxanum,  which 
with  Peranum  mexicanum  (A.  Gray,  mss.)  found  south  of  the  Rio 
Grande  is,  in  America,  the  only  representative  of  the  Rue  family.  So 
are  the  oongenere  of  the  remarkable  Bitrfnannia  texana,  common  only 
in  South  Africa. 

But  the  striking  character  of  the  vegetation  of  that  region  consists 
in  the  diminution  of  trees  into  shrubs ;  they  do  not  disappear  entirely 
as  in  the  western  plains  and  deserts,  which  extend  into  north-western 
Texas ;  nor  are  they  generally  the  same  species  which  elsewhere  grow 
up  to  be  large  trees,  reduced  in  size ;  but  shrubby  species,  peculiar  to 
that  region,  represent  the  larger  trees  of  the  same  or  analogous 
genera  of  the  more  northern  parts  of  the  country. 

The  stately  walnut  trees  of  your  forests  are  there  reduced  to  the 

*  Note.— It  is  perhaps  not  without  interest  to  learn,  that  Mr.  Undhelmer  has,  with 
thd  eompaM,  rerified  the  so  called  polarity  oi  the  radial  leaves  of  this  plant  I  have  no 
doaht  but  that  snolight  is  the  detennining  cause  of  this  peculiarity,  as  my  friend  Mr.  J. 
A.  Lapham  of  Milwaukie  has  su^ested.  But  whether  it  is  the  desire,  if  I  may  so 
express  myself,  of  obtaining  as  much  light  as  possible  on  both  surfaces  of  the  leaf 
or  perhaps  rather  a  tendency  to  avoid  the  burning  rays  of  the  noonday  sun  by  present- 
ing to  it  the  edge  of  the  leaf,  or  both  causes  together,  I  leave  undetermined.  We 
at  all  events,  owe  eur  thanks  to  Major  Alvord  ibr  having  with  a  pertinacity  which 
only  a  thorough  conviction  of  the  truth  of  the  fact  could  have  given  him,  forced  the 
knowledge  of  a  circumstance  so  interesting  to  physiological  botany  on  the  unwilling 
mind  of  naturalists. 
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low  JugUtnt  nmrntt,  a  ^fub,  that  bean  nuts  of  the  aze  of  a  mtuket 
ball.  In  place  of  the  mulberry  of  your  river  bottoms,  we  find  theits 
the  small  Morm  pardifolia,  with  leares  of  one-fourth  the  siae.  The  fine 
hackberry  (  CelHs  occiderUalU)  one  of  the  largest  trees  on  the  fertile 
lands  of  our  western  woods,  is  there  represented  bj  a  spring  shrub  of 
a  nearly  allied  genus,  which  not  being  able  to  find  described  in  any 
work  within  my  reach,  I  have  assumed  to  name  AcantkoodHs. 

In  place  of  the  buckeye,  from  which  the  citiaens  of  your  state  some* 
times  receive  a  cognomen,  we  find  there  the  pretty  dwarfish  AeBcmhtt 
dUedcr^  which,  however,  also  occurs  in  many  southern  States,  and  the 
nearly  allied  Uhgnadia,  peculiar  to  those  regions  and  remvkable  for 
its  small,  sweet,  but  intoxicating  and  emetic  nuts* 

The  plum  trees,  not  large  in  the  north,  became  considerably  smaller 
here;  so  Prumu  rmdaria  and  especially  the  very  curioua  Prmm9 
mimUifiora^  the  leaves  and  flowers  of  which  are  hardly  larger  thaa 
cranberry  leaves.  Even  the  small  red-bud  tree  is  there  repi-esented 
by  a  low  shrub,  the  Csrov  oeeidenUUii. 

All  the  shrubs  just  mentioned  are  representatives  of  northern  trees ; 
hut  one  at  least,  the  ^uqfacufn  anguMifoLitim  holds  the  place  of  a  tvee, 
the  well  known  lignum  vito. 

A  few  ligneous  plants,  arlxH^scent  along  the  coast,  beocHne  shrubby 
in  the  re^on  of  the  calcareous  plateaus.  So  the  majestic  live  oak, 
the  elegant  evergreen  Sophora  tpeciosa,  the  valuable  Ctrndalia  4)bQ9aia^ 
which  the  settlers  use  for  dying  blue. 

•  Again,  other  plants,  the  relatives  of  which  in  the  north  are  herba- 
eeousv  become  there  i^ubby.  Among  these  I  will  only  mention 
^veral  £ypiarbiacea^  and  principally  Crotomae,  some  L^ummo§€B,  and 
more  than  all  the  MknoHoi.  This  elegant  trSbe  of  plants,  considered 
by  some  to  be  the  highest  type  of  vegetable  development,  has  towards 
the  north,  hardly  higher  up  than  the  latitude  of  the  Missouri  river, 
only  a  few  straggling  low  herbaceous  representatives ;  farther  south  the 
species  become  more  numerous  but  all  are  herbaceous  imtill  coming 
on  the  Oulf  shore  to  the  Vachella,  and  westward  on  the  Canadian 
river  to  the  shrubby  AJ^arcbia  glandulota  and  Mimoeu  horealis.  Only 
after  having  crossed  the  Braeos,  and  still  more  the  Colorado  rivers,  we 
meet  with  numerous  shrubby  Mimosece,  some  of  them  very  elegant  or 
very  fragrant,  and  one,  the  well  known  Mezquite  (commonly  called 
Muskit)  of  southern  Texas  and  northern  Mexico,  the  same  Aigatobia 
which  has  just  been  mentioned,  becomes  a  large  tree,  reversing  therem 
the  general  character  of  the  ligneous  plants  of  that  rjegion,  important 
because  in  some  parts  of  the  country  it  becomes  the  only  firewood. 
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A  large  nuinher  of  Vkene  shrubs  hare  l<mg-paistod  or  ahorteiv 
hooked  tpirea  ;  so  the  AcarUhoodHa,  almost  att  the  Mmonm,  and  the 
CkmdaUa,  already  mentioned;  aad  with  them  a  laige  Bnmber  of 
Bkagmmc$m,  sotte  BoMeem^  JSamihoxyhn,  GoaMa ;  the  pretty  Berberig 
iri/oHcieOa  has  qpiny  oTOigreen  leaves.  Nwneroaa  Titec^^  wiUi 
aeutely  pointed  leaves,  (ealled  ''Spanish  BaTonet/')  and  the  broine- 
liaoeoas  Jhaffthims,  with  sharplj  s^ratod  leaves^  together  wiOi  the 
divers  representatives  of  the  Cactus  tribe,  complete  tUs  peeuliar 
offensive*  or  rather  defensive,  character  of  that  vegetaticH!,  which  I 
am  ineHned  to  daU  the  **  Ckatparai-Jhra,"  from  the  Hexican  name, 
indicating  dense  shrubbery,  a  name  which  has  become  £uniliar  to  us 
ainee>the  war. 

The  Oaetacam  have  been  alluded  to  above.  They  deaerve  some 
Darther  notice,  as  characteristie  of  thajt  region.  A  few  straggling 
representatiyes  of  thds  family  are  found  fiM*ther  north  and  east.  The 
weiQ»knowB  "Prickly  Pear/'  (  Opuntia  mUffmris)  is  the  only  speeies  dis- 
eovered  in  the  old  States ;  one  or  two  other  species  of  the  aame  genus  are 
found  west  of  the  Mississippi,  and  on  the  upper  waters  of  the  Missouri ; 
and  there,  also,  a  few  mammillariie  make  their  appearance.  But  only 
after  crossing  the  Brazos  river,  and  entering  what  I  have  called  South- 
western Texas,  you  get  into  the  proper  region  of  the  Cactacea,  which, 
from  there,  extends,  southwardly,  almost  through  the  whole  cohtinent. 
The  northern  forms,  that  inhabit  the  Rio  Grande  country,  (and,  also, 
those  of  New  Mexico,)  show  some  peculiarities  which  distinguish  them, 
in  some  measure,  from  those  farther  south. 

Several  species  of  OpunHa,  a  genus  which  is  more  widely  dis- 
tributed over  the  continent  than  any  other  of  the  family,  are  found 
there ;  most  of  them  of  the  usual  well-known  form,  with  flat  joints ; 
some  prostrate  on  the  ground  ;  others  erect,  and  often  forming  stems 
of  six  inches  diameter  (  Opuntia  Idndhemeri).  Another  singular  tribe 
of  OpurUuB,  with  cylindrical  joints,  is  there  represented  by  a  single 
slender  shrubby  species,  (  Opuntia  frutescens)  while  to  the  west  and 
south  the  splendid  tree-like  Opuntia  arborescens  borders  along  the  con- 
fines of  this  region.  Procumbent  OpunticB,  with  short  club-shaped 
joints,  occurring  with  the  last-named  species,  can  hardly  be  said  to 
belong  to  our  district. 

A  number  of  MammUlarUe,  several  of  them  with  large  and  beautifril 
flowers,  are  frequent  there,  A  large  cake-shaped  Echinocactua,  (JB^ 
texenaia)  is  common  all  over  that  region,  and  a  peculiar  tribe  of 
tliat  genus,  the  most  common  of  which  is  E,  aetiapinua,  characterized 
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'by  fleshy  berries,  (the  fmts  of  the  Echmoeactns  are  generally 
dry,)  covered  with  yery  thin  membranaceous  scales,  appear  to  be 
characteristic  of  the  flora  of  the  Rio  Grande  valley.  But  the  most 
beautiful  Gactaeece  of  that  country  are  the  low,  as  it  were  stunted, 
almost  globose  species  of  Cereui,  (comprised  under  the  sub-genus 
Hehinocereus,)  with  delicate  flowers,  often  larger  than  the  plant  itself. 
These  forms  extend  into  New  Mexico,  and  into  the  northern  pro* 
vinces  of  Mexico,  but  appear  to  be  unknown  farther  south,  where 
the  species  of  this  family  are  most  fully  and  most  numerously  de- 
veloped. No  other  genera  of  this  peculiarly  American  family  have 
been  discovered  in  Texas. 

The  south-western  part  of  Texas  will  soon  become  better  known  to 
us,  through  the  continued  exertions  of  Mr.  Lindheimer,  and  through 
the  praiseworthy  exertions  of  Mr.  Chas.  Wright,  who  is  now  for  &e 
second  time  on  his  way  from  San  Antonio  to  El  Paso,  and  of  Dr. 
Bigolow,  of  your  State,  attached  to  the  Boundary  Survey,  who  has 
excellent  facilities  for  exploring  the  region  along  the  Rio  Grande  river. 


Prof.  Mather  called  the  attention  of  the  Association  to  a  geological 
chart,  exhibited  by  him,  and  prepared  by  Prof.  Jas.  Hall. 
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FIFTH  DAY,  FRIDAY,  MAY  9,  1851. 
(Afterfuxm  Sesnan), 

Ths.  Association  met  at  3^  P.  M.. 

The  pRSBiDKKT  in  the  chair. 

The  minutes  of  the  meeting  of  the  Standing  Committee  were  read, 
and  action  thereon  deferred  until  the  close  of  Uie  afternoon  meeting  of 
the  Association. 

The  foUowing  papers  were  then  presented : 

1.     On  thx  DiSTRiBtrnoN  ov  tbk  Cbinoidxa  in  Tfiu  Wbstxbn  Statu. 
By  Prof.  L.  P.  Yahdbll. 

Hatino  been  engaged  for  several  years  past  with  my  friend.  Dr.  B. 
P.  Shumard,  in  collecting  materials  for  a  monograph  on  the  crinoidea 
of  the  Western  States,  I  propose  to  submit  a  few  details  respecting 
the  distribution  of  the  remains  of  this  interesting  class  of  animals 
ibrongh  the  palaeozoic  rocks,  of  this  portion  of  the  Mississippi  ralley. 
The  richness  of  this  quarter  of  our  country  in  these  fossils  has  already 
been  made  known  to  the  scientific  world  by  the  labors  of  the  late 
lamented  Dr.  Troost,  whose  monograph  on  the  crinoidea  of  Tennessee 
is  in  course  of  publication  under  the  auspices  of  the  Smithsonian  Insti- 
tation.  The  list  of  the  great  naturalist  of  Tennessee  includes  about 
thirty  genera  and  a  hundred  species,  most  of  which,  when  he  wrote, 
were  undescribed. 

The  collection  of  Dr.  Shumard  and  myself  includes  specimens  from 
Ohio,  Indiana,  Illinois,  Iowa,  Missouri,  Tennessee,  Kentucky,  and  Ala- 
bama, extending  from  the  lower  silurian  rocks  to  the  beginning  of  the 
coal  series,  and  amounts  to  about  twice  the  number  of  species  deseribed 
by  Dr.  Troost.   In  the  present  state  of  our  knowledge  we  would  not  Ten- 
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ture  to  pronounce  positively  on  the  number,  but  we  believe  it  will  be 
found  rather  to  exceed  than  fall  short  of  thirty-five  genera  and  two 
hundred  species,  of  which  a  few  are  described  by  Prof.  Hall,  in  the 
Palaeontology  of  New  York,  some  have  been  published  by  Drs.  Owen 
and  8humard,  in  the  Journal  of  the  Academy  of  Natiiral  Sciences  of 
Philadelphia,  and  many  are  embraced  in  the  forthcoming  work  of  Dr. 
Troost,  but  a  great  part  are  new. 

One  of  the  first  facts  which  arrested  our  attention  in  regard  to  our 
crinoids,  is  the  limited  geographical  range  of  all  but  a  few  species. 
While  we  met  with  the  same  brachiopods  and  corals  over  wide  aeas, 
we  soon  had  occasion  to  remark  that  cncrinites  were  limited  to 
a  few  narrow  localities.  Caryocrinus  omaiua  is  perhaps  the  most 
widely  distributed  of  our  species.  It  is  found  near  Louisville,  Ey., 
and  in  Decatur  county,  Tenn.,  as  well  as  at  Lockport,  N.  Y.,  where  it 
was  first  discovered.  One  of  Dr.  Troost's  new  species  is  also  widely 
difiused — ^the  Agaricocrinus  tuberosus — ^having  been  found  at  White's 
Creek  Springs,  near  Nashville,  Tenn.,  in  the  vicinity  of  Scottville,  Ky., 
and  at  Warsaw,  III,  and  the  same  is  true  of  Olivamtes  vemeuUU, 
Troost  (formerly  PerUremUei  vemeuUii),  which  occurs  abundantly  in 
the  upper  strata  of  the  Falls  of  the  Ohio,  and  presents  itself  in  the 
States  of  Ohio  and  Indiana  wherever  those  strata  are  esqposed.  A 
few  other  species  occur  at  various  points,  but  much  the  greater  num- 
ber appear  to  have  been  restricted  to  a  single  spot. 

With  80  drcumsoribed  a  range,  it  will  not  be  thought  singular  that 
nearly  all  &e  species  in  our  cabinets  are  peculiar  to  the  Mississippi 
Valley.  I  am  aware  how  unsafe  it  is  to  decide  hastily  as  to  the  iden- 
tity or  diversity  of  species  bearing  a  close  resemblance  to  each  other, 
but  after  the  first  investigation  I  have  had  time  to  give  the  subject,  my 
impression  is,  that  not  a  single  one  yet  found  in  the  Western  States  is 
common  to  Europe  and  this  country.  Drs.  Owen  and  Shumard 
indioe  to  the  belief  that  Plaiycrimis  granulatu^  and  Poimocrinus  plir 
catuM  belong  to  our  formations.  It  may  be  so,  but  if  the  European 
and  Amerioan  species  are  identical  they  form  solitary  exceptions  amid 
a  great  multitude  of  forms.  We  have  traced  analogy  everywhere^ 
but  examples  of  identity  are  still  doubtful.  The  analogy  between  our 
q>ecies  and  those  of  Europe  occurring  in  equivalent  systems  is,  indeed, 
one  of  the  most  striking  and  interesting  faots  discovered  in  the  pro- 
gress of  our  researches.  The  Cyatidea  of  {tussia,  Sweden^  and 
England  have  their  analogues  in  the  Silurian  rocks  of  Kentucky  and 
leniMssee.    Troost's  JHchinocrinui  fematnUui^  answers  to  species  of 
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Eohino-encriniis  which  occur  in  RnsBia;  and  we  have  lately  diseoTered 
hi  the  neighborhood  of  Louisville,  and  in  Decatur  county,  Tenn., 
specimens  of  what  Prof.  Hall  pronounces  a  SpkercniUi,  correspoiuling 
to  the  same  form  which  has  been  found  in  the  Silurian  strata  of  Eng- 
land.  Caryocrinui,  which  is  peculiarly  American,  is  represented  by 
MsmieogmUes  at  St,  Petersburg.  The  Aparicocrmut  itAeraus  of  Trooat 
has  a  striking  resemblance  to  AcHnocrinus  amphora,  found  in  equiva* 
lent  formations  in  Ireland.  The  genera  Flatyermut,  AeHtweritiMS,  and 
JSucalyptocrinut  occur  in  the  rocks  of  our  country  which  are  equiva* 
lent  to  those  affording  them  in  £urope>  and  contain  species  which  it  is 
difficult  to  distinguish  from  their  European  analogue8--«o  difficult, 
indeed,  that  several  have  been  taken  for  the  same. 

We  have  had  many  opportunities  to  remark  the  exceedingly  limited 
vertical  range  of  our  crinoidea,  as  other  observers  have  done  before, 
and  are  prepared  to  assert  with  great  confidence^  that  not  one  of  our 
speetes  occurs  in  more  than  one  formation.  For  the  most  part,  each 
is  contained  in  a  thin  and  well-defined  stratum,  beyond  the  borders  of 
which  it  is  seldom  to  be  traced,  l^ot  a  single  species  is  common  to  the 
lower  and  upper  Silurian  systems,  or  to  the  Silurian  and  Devonian,  or 
to  the  Devonian  and  Carboniferous,  much  less  to  the  three  systems; 
and  the  same,  with  slight  qualifications,  might  be  said  of  genera,  as 
will  presently  appear.  No  fossils,  it  is  believed,  will  be  found  to  be 
more  characteristic  of  their  containing  strata,  or  to  mark  more  pre* 
dsely  the  limits  of  succeeding  systems,  than  the  crinoids. 

We  have  met  with  crinoidal  remains  at  a  point  lower  in  the  geologi- 
cal seale  than  they  were  ever  before  disovered.  Dr.  Shumard  first 
saw  their  broken  ccdumns  in  Wisconsin  and  Minnesota,  several  hundred 
feet  below  the  magnesian  limestone,  in  strata  corresponding  to  the 
Potsdam  sandstone  of  New  York— -showing  that  this  curious  race  of 
beings  were  among  the  earliest  tenants  of  the  deep.  They  appeared 
with  the  primeval  braohiopods  and  crustaceans,  and  have  maintained 
their  existence  through  every  successive  epoch,  but  in  varybg  propor* 
tions,  and  in  singularly  diversified  forms.  In  the  oldest  Palseosoie 
locks  we  detect  only,  scattered  here  and  there,  the  fragments  of  thw 
stems  and  bodies.  In  the  Trenton  group  of  New  York»  and  in  its 
equivalent  rocks  in  the  West,  we  find  a  ^w  genera  and  species,  in  a 
good  state  of  Reservation.  In  the  Niagara  group,  at  the  middle  of  the 
Silurian  system,  we  discover  a  sudden  and  great  expansion  of  the  race, 
which  soon  after  se^ns  to  have  begun  to  decline,  and  to  have  been 
leas  abundant  throughout  the  Devonian  era.     But  in  the  Bge  which 
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followed,  they  attained  a  great  deyelopment ; .  the  Carbomferous  era 
was  the  age  of  the  crinoids.  Thus,  in  our  collections,  we  have  from 
the  lower  Silurian  system  6  genera  and  6  species ;  and  from  the  upper 
beds  of  that  system,  chiefly  the  Niagara  group,  we  have  10  genera 
and  40  species.  From  the  Devonian  rocks,  we  have  10  genera  and  17 
species  ;  while  from  the  Carboniferous  system  we  have  12  genera  and, 
160  species. 

I  do  not  suppose  that  these  figures  represent  accurately  the  ratio  of 
the  species  in  the  several  systems,  for  our  opportunities  for  collecting 
from  all  have  not  been  equally  good ;  but  I  feel  assured  that  they  wiU 
be  found  to  be  an  approximation  to  the  truth.  At  Louisville,  the 
Devonian  rocks  are  well  displayed  ;  but  we  have  found  them  less  rich 
in  these  fossils  than  the  strata  of  an  earher  age ;  and  from  one  or  two 
localities  in  the  Carboniferous  formations,  we  have  obtained  a  greater 
number  of  species  than  this  system  has  hitherto  afforded.  The  £bc4 
seems  to  be  a  general  one,  that  the  crinoidea  experienced  a  remarka* 
ble  increase  about  the.  middle  of  the  Silurian  epoch — ^that  they  were 
stationary,  if  they  did  not  decline,  during  the  Devonian  era,  and 
reached  their  utmost  expansion  in  the  ages  that  succeeded.  It  has 
been  remarked  by  Prof.  Hall,  as  true  of  the  formations  of  New  York ; 
and  the  same  has  been  the  experience  of  European  geologists. 

With  the  succession  of  formations,  we  have  a  remarkable  shifting  of 
genera,  and  change  of  form,  and  external  ornament.  Glyptocrinua^ 
Schizocrinus,  Beterocrimu,  and  Agelacrinus  cease  with  the  older  Silurian 
strata,  and  are  succeeded  by  HaplocrinuSf  JStucalypiocrinuSf  and  by' 
CaryocrmuM,  Balajiocrinua,  Ctq>ellcBcrinua,  and  many  undetermined 
genera  peculiar  to  our  continent.  These,  in  turn,  are  left  behind  when 
we  ascend  to  the  Devonian  series,  in  which  we  find  other  forma  and 
new  genera.  Here  we  meet  with  a  crinoid  with  four  bulky  arms,  des- 
titute of  a  stem — a  free-moving  encrinite,  showing,  thus  early,  an 
approach  in  this  family  towards  the  starfishes,  placed  just  above  them 
in  the  animal  scale.  At  this  point,  too,  occurs  our  first  Actinocnaus, 
which,  like  the  forms  abounding  in  the  preceding  series,  is  remarkable 
for  the  beauty  of  its  external  ornament.  And  here  we  also  encounter 
a  new  crinoidal  type — ^the  PerUremUea — ^already  prefigured  in  JE^Mxtf^p- 
toorvnua  of  the  middle  Silurian  period.  Dr.  Troost  described  as  /*«!• 
trtmiiea  EeinwanUn,  a  form  which  he  was  the  first  to  discover  in  Decatur 
county,  Tenn.,  and  which,  from  its  associated  fossils,  has  been  gene- 
rally assigned  to  the  Silurian  age.  Strictly  speaking,  PentrmnUeM 
ReinwardUi,  though  bearing  the  closest  analogy  to  that  group,  is  not  a 
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pentreiiiite,  but  must  be  placed  in  a  new  genus  along  with  some  other 
organisms  found  in  rooks  of  a  similar  age.  From  the  fact  that  it  is 
found  m  Tennessee  accompanied  by  Cakeola,  a  Devonian  fossil,  and 
that  we  also  find  it  at  the  Falls  of  the  Ohio,  in  strata  unquestionablj 
Devonian,  I  do  not  hesitate  to  refer  it  to  this  system.  Along  with  it, 
at  the  latter  locality,  two  or  three  species  occur  closely  related  to  it, 
together  with  OlivamteB  VemewUi  Troost,  and  one  or  two  species  of  the 
same  genus. 

Just  above  the  beds  containing  these  forms,  the  limestone  series 
cease,  and  the  black  slate  is  superimposed.  With  the  mcoming  of  this 
formation,  we  Ic^e  all  vestiges  of  the  crinoids,  until  we  reach  an  inter* 
calated  stratum  of  limestone  near  its  simimit,  where  encrinital  remains 
again  become  abundant.  This  stratum  of  encrinital  limestone  is  re* 
garded  as  the  base  of  the  Carboniferous  system,  containing  as  it  does 
among  its  imbedded  fossils,  OrifM  Mtekelini,  O,  crenisiria,  Terebrahda 
Soissyi,  Sjpirif$r  8triaiU9,  Productus  punetaius,  P.  semireHctdatus,  Phil- 
l^pna,  Or^fiMdii,  and  encrinites  of  forms  known  only  to  that  system 
in  Europe. 

The  aspect  of  the  crinoids  of  this  period  is  eminently  distinctive— 4n 
some  respects  denoting  inferiority  to  the  older  forms,  in  others  indi- 
cating advancement.  The  exquisitely  ornamented  surface  has,  for  the 
most  part,  disappeared,  and  a  plain  exterior  succeeded ;  but  with  it  we 
have  tentaculated  fingers,  and  a  generally  more  complicated  organisa- 
tion. In  this  age  Actinocrirms  attained  its  full  development,  and  the 
species  of  Oyathoerinui,  if  they  did  not  appear  here  for  the  first  time, 
only  became  abundant  at  this  period.  Piafyerinut,  incorrectly  placed 
in  the  older  series,  had  its  beginning  with  this  formation,  and  was 
accompanied  by  Diehocrmus  and  Synbathocrinu$,  by  Troost's  dmocri' 
nu8,  Afforieoerinus,  CoHllocrinus,  and  by  many  other  new,  undeter- 
mined genera.  The  graceful  Agassistocrimis  of  Troost,  a  stemless, 
free-swimming  form,  like  the  asterias,  was  rife  in  this  age,  and  had  for 
its  companions  MeloniUa  and  the  true  Pentremiieey  which  latter  must 
have  swarmed  in  the  seas  that  gave  origin  to  our  motmtain  limestcme. 
Produchts  Jhrealis  occurs  near  the  base  of  this  fcmnation,  and  is  found 
in  all  its  divisions  up  to  the  topmost  strata.  With  the  pentremites,  we 
find  stiU  another  novel  form,  intermediate  between  them  and  the  new 
genus  iftjomte— the  OratuUocrinui  cidariformiU  of  Troost;  and  here, 
too,  we  meet  with  Oidarie  and  other  echboderms. 

This  succession  of  genera  is  a  striking  feature  in  the  history  of  the 
crinmdea,  and  their  extinction  at  various  periods,  affords  a  problem  of 
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great  iaterest  to  the  zoologist.  Why  they  should,  one  after  another^ 
have  perished  from  the  early  seas  in  which  they  lived,  to  be  succeeded 
by  other  and  still  distinet  forms,  is  a  mystery  which  must,  perhaps  in 
most  cases,  remain  forever  unexplained;  but  in  some  instances  a 
satisfactory  solution  seems  to  be  attainable.  Sir  Charles  LyeU,  in  his 
Manual  of  Elementary  Geology,  describes  the  "Bradford  apioorinites" 
as  having  grown  in  an  oolitic  limestone,  upon  which  their  stony  roots 
now  form  a  continuous  pavement ;  a  layer  of  clay  rests  upon  it,  containing 
the  bodies  and  stems  of  innumerable  enorinites.  <'  In  this  case,"  he  re« 
marks,  **  it  appears  that  the  *  Great  Oolite'  had  supported,  for  a  time« 
a  thick  submarine  forest  of  these  beautiful  zoophytes,  until  the  dear 
and  still  water  was  invaded  by  a  current  charged  with  mud,  which 
threw  down  the  stone-lilies,  and  broke  most  of  their  stems  short  off 
near  the  point  of  their  attachment."  At  several  localities  I  hare 
observed  traces  of  a  similar  succession  of  events.  The  Buttonmould 
Knob,  in  the  vicinity  of  Louisville,  affords  a  striking  example.  A  thin 
bed  of  limestone,  deposited  near  the  top  of  the  Black  Slate,  is  made 
up  almost  exclusively  of  the  exuviae  of  encrinites,  showing  that  these 
animals  abounded  in  clear  water  charged  with  carbonate  of  lime.  The 
formation  changes,  and  the  crinoids  disappear,  having  been  entombed 
in  the  argillaceous  deposit  in  which  their  remains  are  imbedded.  In 
places  where  the  clay  is  unmixed  with  iron,  the  fossils  are  in  an 
excellent  state  of  preservation ;  where  iron  mingles  with  it,  they  are 
generally  fragmentary  and  imperfect. 

We  have  satisfied  ourselves  of  the  carnivorous  habits  of  the  erinoidea. 
In  one  of  our  earliest  excursions,  we  discovered  a  ourious  encrinite 
with  an  acroculia  between  its  fingers,  as  if  it  had  been  in  the  act  of 
devouring  it  when  it  perished.  At  Cincinnati  we  have  been  shown 
several  specimens,  in  which  a  troehus  is  thus  entangled  in  the  rays  of 
Olyptocrinus  decadactylus,  and  we  have  lately  received  from  our  friend^ 
Mr.  Worthen,  of  Warsaw,  111.,  a  platycrinus,  and  more  than  one 
species  of  aotinoerinus,  vrith  an  acroculia  in  a  similar  position.  The 
gasteropods  seem  to  have  been  their  favorite  article  of  food. 

The  prevalence  of  the  crinoids  in  this  country,  as  compared  with 
Burope,  is  a  fact  Uiat  will  strike  every  observer.  Dr,  Troost  supposed 
that  he  had  collected  together  the  remains  of  a  greater  number  than 
were  at  that  time  known  to  European  palaeontologists,  and  the  list 
known  to  him  has  been  already  more  than  doubled.  These  organisms 
are  to  our  continent  what  the  crustaceans  are  to  Europe-^e  ocean- 
lilies  swarmed  along  the  shores  of  our  early  seas,  as  the  trilobitea  did 
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in  the  ooeaa  ^riiieh  ham  given  place  to  the  old  world.  Entering  at  the 
same  time  upon  the  stage  of  existence,  at  the  earliest  dawn  of  eiea- 
tion,  the  trilobites  reaohed  their  meridian  in  the  first  Silurian  epoch, 
and  died  out  at  the  beginning  of  the  coal  period.  The  crinoidB  onlj 
attained  their  full  development  in  the  Oarboniferous  era,  and  extending 
through  the  liesosoic  period,  hare  still  their  representatives  among 
existing  races. 

2.  On  thi  SnsciAi.  HoHotooiss  of  the  tbux  SrABFiafixs  ^vd  Cri- 
I  NOIDS.    Bj  Prof.  L,  AoAssu. 

[Mt  deceived.] 

3.  Ok  a  Kxw  Thxort  of  Statbmbnts  bt  PnoPORTtOKB.     B7  Thos. 

Rainst,  Esq. 

[Ifot  lUceived,] 

4.  On  a  8pkcimx9  of  thb  Fobsil  Ox  (Bob  Bombifhokb),  FDuim  in 
TnuKBirLL  County,  0.  By  Prof.  Samuel  St.  John,  of  Hudson,  0. 

[^ot  Beceived.l 

6.  On  the  Number  and  Distribution  of  Fossil  Species  in  the 
PALiBOSoio  Rocks  of  Iowa,  Wisconsin,  and  Minesota.  By  Drs. 
D.  D.  Owen,  and  B.  F.  Shumard. 

So  far  as  our  investigations  have  been  carried  into  the  palaeontology 
of  tke  formations  of  the  North-west,  embraced  between  the  Carbonifer* 
oua  and  oldest  sandstones  of  the  Silurian  system,  the  total  number  of 
species  amounts  to  320,  included  in  10£  genera. 

They  tae  dbtributed  through  the  different  periods  as  follows  : 

In  the  Lower  Silurian,  46  species,  included  in  46  genera. 
*'       Upper         "         36         "             "             26         " 
Devonian,             49         "             "            26         " 
•'       Carboniferous,    120        "            "            49         " 

Of  the  above  genera,  32  are  peculiar  to  the  Silurian,  5  to  the 
DeTonian,  and  36  to  the  Carboniferous.  Of  the  32  Silurian  genera, 
26  belong  exclusively  to  the  lower  division,  and  the  remainder  to  the 
upper  diviaion.  8  genera  are  common  to  the  Silurian  and  DeTonian, 
10  to  the  Chilian  and  Carboniferous,  10  to  the  Devonian  and  Carboni- 
ferous, and  9  are  common  to  the  three  systems. 
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The  genera  and  species  are  distributed  through  the  orders  of  the 
animal  kingdom  as  follows  : 

In  the  Lower  Silurian  system — 

1 1  species,  included  in  7  genera,  belong  to  the  Polyparia. 


6 

6       " 

"        Acephala. 

1 

1  genus,       " 

"        Pteropoda. 

22 

'           9  genera,      *• 

"         Gasteropoda. 

40 

i          go 

*'        Brachiopoda. 

13 

6       " 

"         Cephalopoda.  " 

2 

2       " 

"         Crinoidea. 

20 

11       " 

"         Crustacea. 

In  the  Upper  Silurian  system — 

14  species,  included  in  12  genera,  belong  to  the  Polyparia. 
1         "  **  1  genus,        **        "      Acephala. 

4        "  '*  3  genera,       **        '*       Gasteropoda. 

6        **  "         "       Brachiopoda. 

1  genus^        ** 


1 

4 

10 

6 

1 


Cephalopoda. 
Crinoidea. 


In  the  Devonian  system — 

12  species,  included  in  8  genera,  belong  to  the  Polyparia. 


2  " 
4 

23  " 

2  «' 

4  " 

2  " 


12 
1 
6 

31 
2 

52 
3 
1 


2 

3 

6 

2 

4 

1 

genus, 

n— 
10 

genera. 

10 

«i 

1 

genus. 

4 

genera. 

7 

M 

2 

it 

12 

ti 

2 

<< 

1 

genus, 

Acephala. 

Gasteropoda. 

Brachiopoda. 

Cephalopoda. 

Crinoidea. 

Crustacea. 


In  the  Carboniferous  system- 

13  species,  included  in  10  genera,  belong  to  the  Polyparia. 


Acephala. 

Pteropoda. 

Gasteropoda. 

Brachiopoda. 

Cephalopoda. 

Crinoidea. 

Crustacea. 

Foraminifera. 


I. 
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Of  the  161  species  foimd  in  the  beds  of  the  North-west,  from  the 
top  of  the  upper  magnesian  limestone  to  the  base  of  the  lowest 
sandstone,  23  have  been  identified  with  forms  occurring  in  the  lower 
SUnrian  strata  of  Europe.  The  following  characterize  the  inferior 
system  of  both  countries  :  — Leptcma  $ertcea,  Ltptcena  dUemata,  OrthU 
UUudinaria^  Spirifer  htforatui,  Linffula  guadrata,  PerUamerus  Mongu$, 
P.  laevit,  Parceilia  amata,  Pleurotamaria  lenHcularis,  Obolus  appolinii, 
Jboielus  gigas,  Illaenus  crasncanda,  Ceraurus  pleurewanthemua,  and 
Chaeietes  lycoperdon.  The  remainder  correspond  with  species  of  the 
Wenlock  formation,  sereral  species,  howerer,  being  common  to  it  and 
the  Devonian  system.  They  are : — Caienipora  eicharMes,  FovotiUt 
goiklandica,  Favosiies  apwigkea.  Parties  pffriformu,  Terd^aiula  reUeU' 
laris,  T.  WUsonii,  LepUena  depressa^  Spirifer  trapezoidalie,  and  Penta- 
merus  galeatue. 

As  might  be  expected,  a  much  larger  number  corresponds  with 
species  occurring  in  the  equivalent  beds  of  New  York,  Ohio,  Ken* 
tncky,  and  Tennessee.  At  least  46  have  proved  to  be  identical  with 
species  ranging  between  the  Potsdam  sandstone  and  the  Niagara  lime- 
stone ;  37  of  which  may  be  referred  to  species  distributed  through  the 
Trenton  limestone,  Utica  slate,  and  Hudson  river  group,  as  follows  : — 
Chaeietee  lyeoperchmy  Oonularia  iretUonenee,  Ambonychia  undata,  A. 
amygdaLvna^  Nucida  ievaia,  Bdlerophon  hilobaiue,  Pleurotomaria  lefUicu- 
larie,  P.  eubcaruca,  P.  umbilicaia,  Subulites  elongaia,  MurcAisonia  eulh 
/kn/ormis,  M,  bellicincta,  M.  tricarinoUa,  Cyrtoceras  tnacroetomumt  Orthxh 
cercLS  verMraie,  0,  laqueatum,  0.  juncetum,  Lq/tuena  planumbana,  L, 
aUertutla,  L.  eericea,  L.  ddtoidea,  Terehrahda  kemiplicaia,  T.  modeeta, 
T.  capaxy  Spirifer  biforatue,  Orthis  teetudinaria,  0.  tricenaria,  lAngrda 
quadratet,  Eckmo-encrimtee  anattformis,  BUerocrinus  heUrodactylus,  Caly- 
mene  senaria,  Isotdus  gigas,  Illaenus  crassicauda,  Ceraurus  pleurexan- 
ikemus,  Phacops  callicephalus,  and  Lichas  trentonensis. 

One  species,  Otmioceras  anceps,  is  peculiar  to  the  Black  river  lime- 
stone ;  one,  the  Orthoceras  muUieameraium,  to  ihe  Birds's-eye  limestone ; 
and  one,  Madurea  magna,  to  the  Chazy  limestone. 

F<Hir  appertain  to  the  Clinton  and  Niagara  groups: — PerUatnerus 
ablongus,  Terebralula  reticularis,  Zeptcsna  depressa,  Caiempora  esckaroides* 

Among  the  39  species  from  the  Devonian  rocks  on  the  Upper  Mis- 
sissippi, between  Parkhurst  and  New  Buffalo,  and  at  the  other  locali- 
ties in  the  North-west,  more  than  two-thirds  are  identical  with  species 
oecurring  in  the  shell  and  coralline  beds  of  the  Falls  of  the  Ohio,  in 
tiie  vicinity  of  Louisville,  and  Gharieston  landing,  Indiana. 
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The  Onondaga  limestone  and  Hamilton  group  of  New  York  are 
represented  hj  the  following  species : — Lepicena  {iepressa,  L*  ineguis^ 
triata,  T,  reticularis,  Tertbrahda  cojicenirica,  T.  atpera,  Spiri/er  macro* 
notus,  S,  mucnmatuSf  S,  congesta,  PleurorhynchuB  trigonalis^  PhacopM 
crassimarpinaia,  P.  macrophUudma^  and  Favosiies  gothlandica.  This 
list  will  doubtless  be  greatly  extended,  when  the  forthcoming  volumes 
on  the  palosontology  of  the  higher  rocks  of  the  New  York  system  ap- 
pear, as  they  will  a£ford  means  of  comparison  between  the  fossils  of 
the  two  districts,  not  now  at  our  disposal. 

Thirteen  species  are  identical  with  European  forms,  as  follows  :— 
Lucma  protwia,  Spiri/er  heterodytue,  Terehratula  reticularis,  T.  aepera^ 
T.  cancenirica,  Orihia  resuepinata,  O.  umbraculum,  Chonetes  nana,  Fhw 
cope  macropkthalma,  Aetrcea  ananas,  A.  hexagonum,  Stromaiopora  pcly 
mofpka,  Favosites  gothlandica,  and  Favosites  polynvorpha.  Of  these, 
seyeral  belong  exclusiyely  to  the  Deyonian  strata  in  that  country, 
while  some  extend  downwards  into  the  Silurian,  and  some  above  into 
the  Carboniferous  beds. 

Of  the  120  Carboniferous  species  collected  chiefly  in  the  State  of 
Iowa,  24  are  European  species  ;  these  are — ChoaUUs  capillaris,  IMoe* 
troiium  floriforme,  Conularia  guadrisidcala,  Chonetes  variolata,  Ortkis 
umbraculum,  0.  Michelini,  0,  resupvnata,  Tereinrattila  plano-sulcata,  T, 
lamelosa,  T.  Boissyii,  T,  sacculus,  Productus  punctaius,  P.  cora,  P,  FU'^ 
mingii,  P.  costaius,  P,  semireticulatus,  P,  carbanarius,  Spirtfer  striakas^ 
S.  ettspidatus,  S,  lineatus,  S.  rotundatus,  Fusulina  cylindrica,  Plalycri* 
nus  gramdatus,  and  Poleriocrinus  plicalus. 

It  is  remarkable,  that,  while  more  than  one-half  of  the  brachiopoda 
of  this  system  can  be  referred  to  European  species,  only  two  out  of 
the  fifty-two  crinoids  have  been  recognized  as  common  to  the  two 
countries. 

From  the  foregoing,  it  appears,  that  the  brachiopoda  of  tlieae 
western  paleeoasmc  groups  embrace  the  greatest  variety  of  species  ;  the 
Silurian  period  furnishing  the  greatest  number  of  this  order ;  the  Car* 
boniferous  next ;  while  the  Devtmian  rocks  have  as  yet  supplied  the 
fewest.  This  is  partly  to  be  accounted  for,  however,  from  the  limited 
area  over  which  this  latter  group  of  rocks  is  acoessiUe.  The  cnnoidea 
rank  next  to  the  brachiopoda,  in  the  abundance  of  species ;  about  nine- 
tenths  of  these  are  from  beds  of  the  Carboniferous  age. 

Next  to  the  crinoidea,  in  numerical  importance,  come  the  Crustacea ; 
iJiis  order  being  by  far  the  most  numerous  in  the  Silurian  period, 
which  has  furnished  four-fifths  of  the  whole  number  of  species.     The 
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Cephalopeda,  irkich  are  next  most  abundant ;  the  latter  system  afford- 
ing the  greatest  amount  of  species.  The  same  is  also  true  of  the 
Gasteropoda. 

The  Polyparia,  on  the  other  hand»  appear  to  be  most  abundant  in 
ihe  DoYonian  rocks ;  indeed,  some  of  these  beds,  in  Iowa,  are  made 
up  almost  entirely  of  corals.  The  Acephala  appear  to  be  most  abun- 
dant in  the  carboniferous  rocks.  Only  two  species  of  Pteropoda  have 
as  yet  been  found,  one  of  which  appears  in  the  Silurian  rocks,  and  one 
in  ihe  Carboniferous ;  which  latter  formation  has  afforded  the  only 
species  of  Foraminifera  yet  obtained. 

If  we  may  judge  from  the  abundanee  of  coralloid  limestones  in  the 
Devoman  period,  and  the  purity  of  these  calcareous  beds,  with  little 
silicious  and  argillaceous  intercalations,  we  are  perhaps  justified  in 
eoncludiDg,  that  the  ocean,  during  that  epooh,  was  both  idiallow  and 
clear,  compared  with  what  it  was  during  the  periods  which  preceded 
and  succeeded  it.  It  is  also  worthy  of  note  that  the  coral  formations 
of  the  Devonian  period,  in  the  valley  of  the  Ohio,  Mississippi,  and 
Bed  Cedar  rivers,  are  found  at  localities  where  the  streams  form 
n^»ds,  or  low  falls ;  from  which  it  appears  probable,  that  the  Polyparia 
have  erected  iheir  structures  on  submarine  ridges  of  the  Devoniaai 
seas,  formed  by  the  principal  anticlinal  axes  existing  at  that  geological 
epoch. 


6.    Our  THx  DxTxonoH  of  OaoAiaG  Miasm  nt  thb  A0^  by  Prof. 
GxoRGx  C.  SoHABmBB,  Dauville,  Ky. 

Modern  chemistry  furnishes  us  with  ample  means  for  the  investiga^ 
tiom  of  this  inttf  esting  subject,  and  it  is  a  matter  of  surprise  that  so 
little  has  been  done  in  a  field  promising  such  fine  results. 

That  malaria  is  caused,  not  by  peculiar  states  of  the  atmosphere, 
but  by  some  complex  organic  compound  fiooimg  in  it,  is  now  the 
opinion  of  most  chemists  who  have  investigated  the  subject.  This 
view  has,  however,  gathered  strength  from  the  doctrine  el  fermenta* 
tion  and  contagion  as  carried  out  by  Lielng. 

It  is  not  within  the  scope  of  this  pi^er  to  discuss  the  theory  ol 

malaria.    The  history  of  the  subject  gives  us  every  reason  to  beUevo 

that  miasms  are  eomplex  organic  compounds,  not  exislbg  in  the 

gaseous  form  at  all  temperatures.    The  question  is  this:  Can  we. 

16 
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detect  such  substances  in  the  air  hj  appropriate  re-agents,  and  obtain 
some  idea  of  their  nature. 

We  have  the  well  known  direct  experiment  of  Boussingault,  in 
which  organic  matter  was  detected  by  the  blacking  of  sulphuric  acid, 
as  well  as  several  proposed  modes  of  examination  by  Prideaux  and 
others,  but  no  extended  series  of  experiments  has  ever  been  made« 
My  attention  was  first  drawn  to  the  subject  by  repeated  attacks  of  in- 
termittent feyer  upon  myself  and  family,  immediately  after  removing 
to  a  house,  within  a  quarter  of  a  mile  of  which,  we  had  lived  several 
years  with  impunity.  The  singularly  local  nature  of  the  miasm  was 
thus  forced  upon  my  attention,  and  from  extensive  observation  I  be- 
came convinced  of  the  soundness  of  the  theory  above  mentioned. 

I  then  devised  the  following  experiment,  which  was,  however,  not 
continued  for  a  sufiScient  length  of  time:  a  quantity  of  good  white 
sugar  was  partially  converted  into  glucose  by  boiling  with  oxalic  acid. 
Two  equal  portions  of  this  solution  were  placed,  one  out  of  doors,  the 
other  within.  I  had  expected  that  any  organic  miasm  would  excite 
fermentation  in  the  one  much  sooner  than  it  would  take  place  sponta- 
neously (?)  in  the  other.  The  time  of  exposure — ^less  than  half  an 
hour — and  the  limited  surface  of  the  fluid,  were  manifestly  inadequate 
to  the  production  of  any  decided  results.  But  I  mention  the  experi- 
ment, as  I  have  reason  to  think  that  in  the  apparatus  about  to  be  de- 
scribed, it  would  be  worthy  of  trial. 

The  subject  was  dropped  upon  my  removal  to  a  region  not  affording 
well  marked  miasmatic  districts.  But  upon  the  return  of  the  Asiatic 
cholera  to  this  country  in  1849,  I  was  reminded  by  my  friend.  Dr.  D. 
I.  Ayres,  of  certain  reputed  cases  of  the  blacking  of  sulphuric  acid 
during  the  previous  visit  of  this  disease. 

This  led  to  the  trial  of  a  modification  of  Boussingault's  experiment 
previously  contrived.  For  convenience,  a  Deville's  gasometer,  in 
glass,  was  used  as  an  aspirator,  and  the  air  was  drawn  through  a  U 
tube  joined  to  it  by  an  india  rubber  connection.  The  horizontal  part 
of  the  tube  was  nearly  filled  with  concentrated  sidphuric  acid,  and 
when  the  aspirator  was  in  action,  this  tube  was  slightly  inclined,  and 
the  passage  of  the  air  regulated  with  great  nicety.  To  increase  the 
surfaces  of  air  and  acid  in  contact,  bits  of  glass  rod  were  introduced 
into  the  acid,  and  seemed  to  answer  very  well.  An  alteration  in  the 
aspirator,  when  used  for  such  purposes,  deserves  to  be  mentioned. 
The  syphon  through  which  the  water  flows,  should  be  in  two  pieees. 
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united  by  a  flexible  India  rabber  tube,  and  the  lower  end  of  the  syphon 
tube  curred  upwards.  By  elevating  or  depressing  this,  the  flow  of 
the  water  may  be  regulated  with  great  precision. 

In  these  experiments,  each  minute  bubble  of  air,  remained,  on  an 
average,  from  five  to  six  seconds  in  contact  with  the  acid.  It  was  soon, 
found  that  the  gasometer,  of  one  gallon  capacity,  was  too  small,  and 
as  the  disease  prevailed  to  a  trifling  extent  only,  it  became  evident, 
that  to  obtain  any  result,  the  trial  must  be  continued  on  a  much  larger 
scale.  Two  cans,  of  ten  gallons  capacity,  were  then  used  as  aspira* 
tors,  the  water  running  from  one  to  the  other ;  the  simple  transfer  of 
the  cork  stopper  containing  the  tubes,  fitting  up  either  one  to  act  as 
the  aspirator.  The  apparatus  thus  made,  worked  mih  great  regularity, 
and  the  experiments  were  continued  night  and  day,  for  severaJ  weeks. 
The  ten  gallons  of  air  were  made  to  pass  through  the  re -agent — ^gen- 
erally less  than  half  a  cubic  inch  being  used — ^in  from  twelve  to 
twenty-four  hours  time,  and  the  air  was,  consequently,  completely 
washed  in  its  passage. 

In  one  experiment,  forty  gallons  of  air  were  passed  through  a  small 
quantity  of  acid  in  the  tube.  In  no  case,  however  were  the  results 
decisive.  The  intention  was  to  heat  the  tube  in  boiling  water,  and 
Uien  compare  the  tint  with  a  scale  obtained  by  acting  with  sulphuric 
acid,  on  variously  diluted  solutions  of  some  organic  matter,  such  as 
sugar.  I  have  since  ascertained  that  the  presence  of  a  small  quantity 
of  nitric  acid,  seriously  impaired  the  value  of  this  test 

Nitrate  of  silver,  in  solution,  gave  more  than  once  a  fine  black  pow- 
der, but  too  small  in  quantity  to  be  examined. 

The  following  additional  tests  were  devised,  and  one  of  them  tried. 
They  were  all  adopted  on  account  of  their  change  of  color  under  the 
influence  of  organic  matter.  Solution  of  chromic  acid,  permanganate 
of  potash,  chloride  of  gold,  and  others  of  similar  character.  *^ 

The  suggestion  of  the  same  tests  for  the  detection  of  minute  quan- 
tities of  organic  matter  in  water,  by  Forchammer,  and  their  employ- 
ment in  a  colorimetric  method  almost  identical,  has  encouraged  me  to 
adhere  to  the  plan  proposed. 

The  results  of  these  experiments,  are,  it  is  true,  almost  negative ; 
but  it  should  be  mentioned  that  the  disease  was  exceedingly  mild  in 
the  region  in  which  they  were  tried.  The  chief  value  consists  in  the 
determination  of  the  quantities  of  the  air  to  be  experimented  upon. 

*  Millon^B  test  for  proteine  compounds  seems  worthy  of  trial,  as  giving  a  clue  to  the 
composition  of  substances  found  in  the  air. 
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It  irould  Beem  that  at  leaat  forty  gallons  are  required  to  produce  an 
effect  in  the  sulphuric  acid,  though  if  that  re-agent  be  carefully  deprived 
of  nitric  acid,  smaller  quantities  may  answer. 

With  nitrate  of  ailver,  a  few  gallons  of  air  seem  to  produce  an  effect. 
Permanganate  of  potash  will,  probably,  answer  better  than  any  other 
test.  It  could  not  be  procured  at  the  time  of  making  these  experi- 
ments. Forchammer  prefers  it,  as  a  test,  for  organic  matter  in  witter. 
A  careful  microscopic  examination  of  the  contents  of  the  tubes,  must, 
of  course,  be  made. 

The  experiments  should  be  carried  on  under  eyery  variety  of  cir- 
cumstances; and  it  is  one  of  the  objects  of  this  notice  to  invite  the 
laborers  into  the  field—the  larger  the  number  the  greater  will  be  the 
value  of  the  results. 


Thb  reading  of  the  papers  on  the  programme  having  been  finished, 
the  Association  proceeded  to  the  concludmg  busbess  of  the  meeting. 

In  view  of  the  importance  of  an  early  issue  of  the  volume  contain- 
ing the  Proceedings  of  the  Cincinnati  Heeting,  the  Permanent  Secre- 
tary was  directed  to  receive  no  communications  for  insertion,  after  the 
20th  of  May. 


The  following  resohiiions  were  then  passed  by  the  Association : 

S$$cived,  That  the  Standing  Committee,  in  the  name,  and  under  our 
authority,  have  power  to  complete  any  unfinished  business,  after  the 
adjournment  of  the  meeting. 

S$$olved,  Thai  the  members  of  the  Association  for  the  advancement 
of  Science,  will  cordially  unite  in  contributions  towards  a  testimonial 
in  memory  of  the  great  services  rendered  by  the  late  Professor  Sohw-* 
XACHSB,  of  Altona,  to  the  cause  of  mathematical  and  physical  sci^Me 
throughout  the  world* 
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Buohed^  That  the  President  of  the  Aseoeiatioa  be  requested  to 
take  the  necessary  steps  to  communicate  the  mtentions  of  the  Associa- 
tion to  the  scientific  bodies  at  home  and  abroad,  who  may  be  expected 
to  unite  in  such  a  testimonial. 

Beiolved,  That  the  following  gentlemen  be  appointed  a  committee  to 
memorialize  the  legislature  of  Ohio,  on  the  subject  of  a  geological 
surrey  of  that  State  : 

Judge  Lank,  of  Sandusky,  Ckcdrman;  Johh  Andbsws  and  Samuxl 
Mkdabt,  Columbus ;  Judge  Yakcb,  Hamilton ;  Johk  H.  Jahss,  Ur- 
bana ;  Prof.  Saml.  H.  St.  Johk,  Hudson,  Summit  county ;  Robt.  Bucha- 
HAK,  Esq.,  and  Johk  P.  Foote,  Esq.,  Cincinnati ;  Hon.  Axiss  Tium- 
Bu,  Highland  county;  Hon.  S.  J.  Aitdbsws,  Cleyelaad. 

Besolvedf  That  the  following  gentlemen  be  appointed  a  committee  to 
memorialize  the  legislature  of  Missouri^  on  the  subject  of  a  geological 
survey  of  that  State : 

Prof.  B.  SiujMAK,  Sen.,  New  Haven ;  Dr.  S,  G.  Mobtok,  PhiladeU 
phia ;  Prof.  A.  D.  Bachb,  and  Prof.  Jos.  Henrt,  Washington  ;  Prof. 
L.  Agassiz,  Cambridge  ;  Dr.  Oeo.  Eno^lmanh,  and  Dr.  H.  Kino,  St. 
Louis ;  BoBT.  Buchakak,  Esq.,  Cincinnati ;  Prof.  Jab.  Hall,  Albany  ; 
Major  M.  L.  Clark,  St.  Louis. 

Resolved,  That  the  committee  on  scientific  explorations  be  requested 
to  consider  the  propriety  of  memorializing  Congress,  on  the  subject  of 
granting  public  lands  for  the  purpose  of  carrying  on  a  geological  swv 
Tey  of  the  State  of  Alissouri, 

JSesoltied,  That  the  committee  for  memorializing  Congress  in  relation 
to  scientifie  explorations,  be  requested  to  extend  their  duties  to  the 
memorializmg  Congress  on  such  scientific  objects  as  may  be  presented 
to  them  by  the  Standing  Committee,  provided  that  they  approve  of  the 
same. 

The  Committee  on  collecting  funds  to  publish  the  Proceedings  of  the 
Meeting,  having  reported  that  the  citizens  of  Cincinnati  had  claimed 
the  privilege  of  meeting  this,  aa  well  as  the  other  expenses,  it  was 

Jieeolved,  That  the  liberal  contributions  by  the  citisens  of  Cincinnati, 
to  the  objects  of  the  American  Assodation,  by  assuming  the  expense 
of  publishing  the  Proceedings  of  the  Meeting,  in  their  city,  as  well  as 
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all  other  expenses,  entitle  them  to  the  warmest  thanks  of  the  Associa- 
tIon»  which  are  hereby  tendered  to  them. 

Resolved,  That  those  gentlemen  who  have  contributed  five  dollars 
and  upwards,  towards  publishing  the  proceedings  of  the  meeting,  be 
furnished  with  a  copy  of  the  book. 

The  following  changes  were  made  in  the  committees : 

The  committee  on  memorializing  Congress,  in  relation  to  attaching 
a  corps  of  naturalists  to  the  Mexican  boundary  survey,  was  discharged, 
after  reporting  that  the  object  of  the  commission  had  been  accom- 
plished. 

The  committee  on  memorializing  the  Legislature  of  Pennsylvania, 
relative  to  the  publication  of  the  final  geological  report  of  the  State, 
was  likewise  discharged,  and  for  a  similar  reason. 

Dr.  Yandell  and  Prof.  0.  M.  Mitchbl,  were  added  to  the  Commit- 
tee on  the  United  States  Coast  Survey. 

Sears  C.  Walker,  Esq.,  Capt.  Chas.  Wilkes,  and  Prof.  J.  H.  C. 
CoFFiK,  were  added  to  the  Committee  on  Prof.  Mitchel's  New  Astro- 
nomical Methods.  * 

1  he  remaining  committees  were  all  continued. 

The  following  votes  of  thanks  were  then  presented,  and  unanimously 
adopted : 

Beaolved,  That  the  thanks  of  this  Association  be  returned  to  the 
Trustees  of  the  Cincinnati  College,  to  the  Trustees  of- the  Mechanics^ 
Institute,  to  the  members  of  the  Western  Academy  of  Natural  Sciences, 
of  the  Young  Men's  Lyceum  of  Natural  History,  the  Directors  of  the 
Cincinnati  Observatory,  and  of  the  Young  Mens*  Mercantile  Library 
Association,  for  the  very  liberal  manner  in  which  they  have  opened  their 
halls,  meeting-rooms  and  collections,  to  the  use  of  the  Association. 

Here  Prof.  Hbnrt,  of  Washington,  rose  and  begged  leave  to  second 
that  motion  with  all  his  heart.  It  was  due  as  an  expression  of  the 
feelings  of  the  meeting,  and  not  a  mere  form  of  words.  He,  and 
others,  had  come  for  the  first  time  across  the  Alleghanies,  and  entered 
the  broad  valley  of  the  Mississippi  and  Ohio.  They  were  surprised  and 
delighted !  He  had  heard  much  of  the  Great  West,  much  of  the  Queen 
CSty,  and  had  come  to  put  his  anticipations  to  the  test.  He  expected 
to  see  a  boundless,  magnificent  forest  world,  with  the  scattered  clear- 
ings and  log  cabin  villages,  and  ^ergetie  New  England^descen^od 
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iBhabitants,  be  ihougbt  to  find  Cincinnati  a  thrivbg  frontier  town, 
exhibiting  riews  of  neat  frame  bouses  with  wbite  fronts,  ''green  doors 
and  brass  knockers ;"  but,  instead  of  this,  he  found  himself  in  a  city 
of  palaces,  reared  as  if  by  magic,  and  rivaling  in  appearance  any  city 
in  the  eastern  states,  or  of  Europe.  But  it  was  not  things  of  mere 
atone,  brick,  and  mortar  which  pleased  him  most  in  the  queen  of  the 
west.  Imperial  Rome  had  her  palaces  and  noble  structures,  but  in 
her  proudest  days,  she  boasted  not  of  a  Mechanics'  Institute,  an 
Academy  of  Natural  Sciences,  a  Mercantile  Library  Association,  or 
of  a  Toung  Men's  Lyceum  of  Natural  History.  These  are  the  pride 
of  Cincinnati — these  her  noblest  works.  Grateful  as  we  ought  to  be, 
and  are,  for  the  kindness  and  courtesy  shown  us  as  members  of  the 
American  Association  for  the  Advancement  of  Science,  we  are  more 
thankful  to  the  Cincinnatians  for  having  founded  her  Literary  and 
Scientific  Associations,  and  for  liberally  opening  her  treasuries  of  know- 
ledge to  the  world. 

Resdvedy  That  the  thanks  of  the  Association  be  presented  to  those 
gentlemen  of  Cincinnati,  of  the  State  of  Ohio,  and  of  the  West  gener- 
ally, who  have  laid  before  the  members  and  submitted  to  the  examin- 
ation of  their  committees,  the  valuable  collections  of  fossils  which  they 
have  made,  and  which  have  been  pronounced  of  the  highest  impor- 
tance, not  only  to  the  development  of  North  American  Palssontology, 
but  also  to  the  advance  of  our  knowledge  of  the  history  of  the  organic 
world. 

Prof.  Agassjz  rose  to  second  the  motion.  He  was  most  rejoiced 
that  he  could  heartily  concur  with  the  remarks  of  his  friend.  Prof. 
Henry,  with  regard  to  the  pleasure  which  it  gave  him  to  witness  these 
most  sterling  evidences  of  the  spirit  of  Cincinnatians.  He  had  particu- 
larly, and  with  the  utmost  satisfaction,  examined  the  several  collections 
of  rare  and  valuable  fossils  exhibited  before  the  Association.  Though 
familiar  with  such  exhibitions  on  similar  occasions,  both  in  America 
and  in  Europe,  he  could  most  safely  say  he  had  never  known  a  more 
choice  and  valuable  collection  to  be  presented  on  any  occasion.  It 
spoke  loudly  for  the .  interest  taken  in  the  progress  of  science  in  the 
Great  West.  The  West  offers  a  peculiarly  interesting  field,  and  our 
thanks  were  most  justly  due  to  those  who  had  so  industriously  and 
carefully  improved  the  advantages  which  nature  had  so  generously 
offered,  and  thus  added  these  valuable  collections  to  the  stores  of 
science.     This,  he  sud,  not  only  as  an  expression  of  his  individual 
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gratification,  but  because  be  felt  it  bis  duty  in  tbe  name  of  the  Asso- 
ciation, to  give  tbeir  decided  opinion  of  tbe  value  and  importance  of 
ibese  collections. 

Resolved^  Tbat  tbe  members  of  tbe  American  Association  return 
thanks  to  the  citizens  of  Cincinnati,  for  tbe  kind  hospitality  extended 
to  them  privately  and  publicly  during  tbe  meeting  in  tbeir  beautifiil 
city,  taking  it  as  an  evidence  of  tbeir  interest  in  tbe  progress  of  Science 
in  tbe  United  States. 

Tbe  adoption  of  this  resolution  was  moved  by  Mr.  Fosteb,  United 
States  Geologist,  who  remarked  as  follows : 

In  rising  to  move  tbe  adoption  of  the  resolution,  I  wish  to  offer  a 
single  remark.  There  is,  perhaps,  no  city  in  tbe  United  States,  which 
affords  so  striking  an  example  of  the  skill  and  energy  of  our  people  as 
Cincinnati.  A  half  century  has  hardly  elapsed  since  this  region,  now 
covered  with  massive  structures,  such  as  churches,  warehouses,  and 
shops,  was  an  unbroken  wilderness.  My  friend,  Prof.  Henry,  has 
remarked,  tbat  this  is  bis  first  visit  to  tbe  West,  and  has  expressed  bis 
admiration  of  its  resources  and  capabilities.  He  has  only  reached  tbe 
margin  of  tbe  great  valley  between  the  Allegbanies  and  tbe  Rocky 
Mountains.  I  hope  be  may  be  induced  to  visit  the  city  of  my  friend 
on  tbe  right,  (Dr.  Engelmann,  of  St.  Louis.)  I  hope  be  may  extend 
bis  observations  as  far  north  as  Detroit,  and  as  far  south  as  New  Or- 
leans. Even  then  be  will  be  incapable  of  forming  a  correct  estimate 
of  tbe  extent  and  resources  of  this  great  valley.  Every  where  be  will 
see  the  same  evidences  of  prosperity  which  be  has  observed  here. 
Aye,  let  him  surmount  the  rocky  barrier  which  divides  tbe  great 
valley  from  the  Pacific  slope,  and  even  there  he  will  behold  abundant 
traces  of  tbe  same  stream  of  civilization,  which  has  swept  from  the 
east  into  tbe  valley  of  the  Mississippi  river. 

Prof.  SoHABFFEB,  of  Dauville,  Ey.,  requested  to  add  bis  hearty 
second  to  this  resolution.  Having  been,  perhaps*  first  upon  the 
ground,  he  bad  enjoyed  tbe  hospitality  of  tbe  warm-hearted  Cincin- 
aatians  longer  even  than  others.  They  bad  received  us  not  as  guests, 
to  whom  courtesy  required  a  polite  attention,  but  as  friend8t  when  we 
bave  come  as  strangers;  they  have  welcomed  us,  not  only  with  open 
bouses,  but  open  bands  and  open  hearts.  They  bave  made  us  feel  at 
home.  The  members  of  this  Association,  however  numerous  and 
varied  be  tbeir  places  of  meeting,  will  never  forget  tbe  cordial,  warm 
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aasd  beardblt  boepitalily  shown  them  hj  the  oitizens  of  the  Queen  CHy 
irf  the  West 

EuUvmL^  That  the  thanks  of  the  Aaaociation  be  presented  to  the 
Directors  and  offieers  of  the  sereral  BaUroad  Companies  and  Steam- 
boats, who  have  so  kindly  offered,  by  a  reduction  of  the  fare,  facilities 
to  the  members  in  coming  to  and  retumiug  from  Cincinnati. 

Betcined,  That  the  thanks  of  the  Association  be  presented  to  Messrs. 
SaiiLias  ic  Whxtstobx,  for  the  invitation  to  visit  their  Orograph,  ten- 
dered by  them  to  the  Association. 

Setdved,  That  the  thanks  of  the  Association  be  presented  to  the 
members  of  the  Local  Committee,  for  the  zeal  and  efficiency  with 
which  they  have  performed  the  duties  of  their  office. 

jResoived,  That  the  thanks  of  the  Association  be  presented  to  the 
President,  for  the  faithfulness  and  dignity  with  which  he  has  presided 
over  the  present  meeting. 

To  this  the  President  replied : 

I  congratulate  the  membera  of  the  Association  on  the  success 
of  this,  ^eir  first  meeting  west  of  the  mountains.  A  general  atten- 
dance of  the  cultivators  of  science  from  the  West  was  to  have  been 
expected;  but  it  was  not  supposed,  even  by  the  most  sanguine » 
that  so  many  of  the  laborers  in  the  same  field  on  the  Atlantic  slope, 
would,  in  spite  of  the  great  distances  separating  them  from  the  Queen 
City  of  the  West,  assemble  at  the  call  of  the  Association.  In  this  we 
feel  the  effects  of  the  great  facilities  for  personal  communication  which 
onr  times  ptesent,  and  which  bring  the  citizens  of  Boston  and  Cincin* 
nati  nearer  to  each  other  now,  than  those  of  l^ew  York  and  Philadel- 
phia were  before  the  introduction  of  steamboats  and  locomotive  engines* 
Let  us  acknowledge  our  debt  to  the  men  of  the  past  and  of  the  present 
day,  to  whom  we  owe  this  obligation,  rivaled  only  by  that  due  to  those 
whose  discoveries  in  science  and  persevering  attempts  to  reduce  them 
to  practice,  have  afforded  a  means  of  written  communication  which 
may  practically  be  called  instantaneous. 

The  number  of  members  in  i^tendance  has  been  about  eighty-seven, 
and  eighty-seven  papers  have  been  read,  nearly  equally  distributed 
between  the  divisions  of  mathematical  and  physical  science,  geology 
and  mineralogy,  and  zoology,  botany  and  kindred  branches.    The  im- 
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portance  of  the  geological  papers  which  have  been  presented  can  not 
well  be  overrated,  and  indicates  an  activity  in  collecting  and  comparing 
results,  which  must,  in  the  end,  produce  the  most  useful  fruit.  The 
gradual  progress  of  the  knowledge  now  acquiring,  will  no  doubt  render 
induction  from  the  facts  more  sure,  and  reduce  to  theoretical  principles 
what  now  seem  rather  to  be  ingenious  hypotheses.  It  is  hardly  possible 
that  the  intercourse  between  the  cultivators  of  different  branches  of 
science,  the  friendly  communion,  the  candid  and  temperate  discussion, 
shall  not  react  favorably  upon  the  members  themselves,  and  through 
them  upon  the  progress  of  the  various  subjects  to  which  they  have 
devoted  their  energies.  If  we  have  made  any  mistake  in  our  pro- 
ceedings at  this  meeting,  it  has  been  in  undertaking  too  much  ;  in 
devoting  so  many  hours  to  formal  meetings,  that  informal  intercourse 
has  been  almost  impracticable. 

The  report  on  Prof.  Mitchel's  admirable  astronomical  invention,  and 
the  bringing  to  light  the  collections  of  numerous  and  highly  interesting 
fossils,  which  have  been  pronounced  by  the  highest  authority  to  be 
unrivaled  in  their  importance  by  any  collections  which  the  meetings  of 
other  Associations  in  America  or  Europe  have  produced,  will  mark 
this  meeting  in  the  annals  of  the  Association.  The  success  which  has 
attended  our  former  recommendations  to  State  Legislatures  in  regard 
to  Geological  Surveys,  and  to  the  General  Government  in  regard  to 
the  organization  for  the  Mexican  Boundary  Survey,  is  indicative  of  the 
service  which  may  be  rendered  by  well  considered  recommendations 
on  subjects  which  are  the  peculiar  province  of  the  Association. 

The  liberal  action  of  the  Societies  of  Cincinnati,  having  for  their 
object  the  cultivation  of  science,  and  the  furnishing  their  members 
with  various  means  of  instruction,  in  opening  their  rooms  to  the  Assor 
ciation  has  contributed  not  a  little  to  the  gratification  which  we  have 
derived  from  our  stay  in  the  city.  The  facilities  furnished  by  the  Bail* 
road  Companies,  in  the  reduction  of  their  fares,  have  been  a  great  con* 
venience  to  many.  What  shall  I  say  of  the  admiration  with  which  we 
have  seen  the  growth  and  strength  of  this  young  Brobdignag,  Cincin- 
nati ?  to  exhibit  it,  as  is  our  custom,  by  a  diagram,  let  us  show  Cincin- 
nati in  1788, — a  log  cabin — ^and  Cincinnati  in  1861.  What  shall  I  say 
of  the  arrangements  by  the  citizens,  by  which  we  have  been,  each  one 
of  us,  while  many  hundreds  of  miles  from  our  homes  made  emphatic- 
ally "at  homeP'    This  kindness  is  to  be  felt,  not  spoken. 

The  President  then  adjourned  the  Association  to  meet  at  Albany, 
on  the  third  Monday  of  August  next. 
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SIXTH  DAY,  SATURDAY,  MAY  10,  1851. 

MEETING  OF  THE  STANDING  COMMITTEE. 

In  pursuance  of  a  vote  of  the  Association,  the  Standing  Committee 
met  at  8  A.  M.,  to  jcomplete  certain  unfinished  business.     It  was 

Resolved,  That  the  Committee  on  Weights  and  Measures  be  request- 
ed to  report  at  the  Albany  meeting,  all  the  facts  which  may  be  within 
their  reach ;  and  that  notice  be  given  in  the  circular  of  invitation,  that 
the  subject  will  be  discussed  on  a  specified  day  during  the  coming 
session  of  the  Association. 

Resolved,  That  copies  of  the  Proceedings  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Cambridge ;  to  the  Boston  Academy 
of  Natural  History ;  to  the  New  York  Lyceum  of  Natural  History ; 
to  the  American  Philosophical  Society,  and  to  the  Academy  of  Natu- 
ral Sciences,  of  Philadelphia ;  to  the  Smithsonian  Institution ;  and  to 
the  Western  Academy  of  Natural  Sciences,  of  Cincinnati. 

Resolved,  That  in  future  no  paper  shall  be  entered  on  the  programme 
for  reading  unless  an  abstract  be  previously  furnished  to  the  General 
Secretary,  or  the  paper  itself  presented. 
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a  Geological  Exploration  of  that  State, 


Judge  Lane,  Sandusky,  Chairman, 
John  Andrews,  Esq.,  Columbus. 
S.  Medart,  Esq.,  Columbus. 
Judge  Vance,  Hamilton. 
John  H.  James,  Esq.,  Urbana. 


Prof.  S.  St.  John,  Hudson. 
Robert  Buchanan,  Esq.,  Cinci'ti.* 
John  P.  Foote,  Esq.,  Cincinnati. 
Hon.  Allen  Trimble,  Highland 
Co.,  Ohio. 


Hon.  S.  J.  Andrews,  Cleveland,  Ohio. 


Committee  to  memorialize  the  Legislature  of  Missouri  on  the  subject 
of  a  Geological  Survey  of  that  State, 


Prof.  SiLLiMAN,  Sen. 
Dr.  S.  G.  Morton. 
Prof.  A.  D.  Bache. 
Prof  Joseph  Henry. 
Prof.  L.  Agassiz. 


Dr.  Georgb  Enoelmann. 
Dr.  H.  King. 
Robert  Buchanan,  Esq. 
Prof  James  Hall. 
Maj.  M.  L.  Clark. 


Committee  for  memorializing  Congress  in  relation  to  Scientijic  Explo- 
rations,  and  the  distribution  of  the  Duplicates  from  the  Collection 
of  the  Exploring  Expedition,* 


Dr.  Robert  Hare,  of  Philadel'a. 

Prof  Benj.  Silliman,  Sen.,  of  N. 
Haven. 

Prof  Stephen  Alexander,  of 
Princeton. 

Prof  Henry  D.  Rogers,  of  Bos- 
ton. 

Pros.  Edward  Hitchcock,  of  Am- 
herst, Mass. 


Wm.  C.  Redfield,  Esq.,  of  N.  Y. 

Prof  Benjamin  Peirce,  of  Cam- 
bridge, Mass. 

Dr.  Robert  W.  Gibbes,  of  Co- 
lumbia, S.  C. 

Prof  Louis  Agassiz,  of  Cam- 
bridge. 

Dr.  Samuel  G.  Morton,  of  Phila- 
delphia. 


•  This  committee  has  also  been  requested  to  consider  the  propriety  of  memo- 
rializing Congress  on  the  subject  of  granting  public  lands  to  Missouri,  for  the 
purpose  of  carrying  on  a  geological  suryey  of  that  State. 
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Committee  to  arrange  the  detail  of  a  System  of  combined  MeteoroUh 
gical  Observations  for  North  America, 


Prof.  A.  D.  Bachb. 
William  C.  Redpield. 
Prof  Joseph  Henry. 
Capt.  J.  H.  Leproy. 
Prof.  A.  GuYOT. 


Dr.  T.  R.  Beck. 
Prof.  A.  Caswell. 
Hon.  William  Mitchell. 
Prof.  Elias  Loomis. 
Prof  J.  H.  CoPFiN. 


Committee  to  digest  a  plan  of  reducing  the  observations  made  under 
the  direction  of  the  Regents  of  the  University  of  New-  York,  from 
1825.  to  1850,  tvith  reference  to  their  publication,  and  to  decide  upon 
the  stations  whieh  shall  be  included  in  this  reduction* 

Dr.  T.  R.  Beck.  |  Prof.  A.  Guyot.  |  Prof.  E.  Loomis. 


Committee  to  memorialize  the  State  of  New-  York,  and  other  States, 
in  regard  to  geographical  surveys. 


Prof.  A.  D.  Bache. 
Prof  O.  M.  Mitch  EL. 
Prof  E.  Loomis. 


Prof  W.  M.  Gillespie. 
Samuel  B.  Rugoles,  Esq. 
Prof  C.  Hackley. 


Lt.  E.  B.  Hunt. 


Committee  to  examine  Mr.  Lyman's  Telescope;  the  Stand  for  Mr. 
Simmons'  Telescope;  and  the  Mountain  Barometer  of  Mr.  Andrews. 

Lt.  M.  F.  Maury.       |  Prof  O.  M.  Mitchbl.  |  Prof  A.  Caswell. 


Committee  to  examine  the  Ii^croscope  and.  Lenses  submitted  to  the 
Association  by  Charles  Spencer,  Esq.,  of  Canastota,  N,  Y, 

Prof  J.  W.  Bailey.  i  Prof  J.  Lawrence  Smith. 

Dr.  J.  ToRREY.  I  Dr.  W.  J.  Burnett. 

Dr.  Clark. 
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Committee  to  Memorialize  Congreee  for  an  appropriation  to  enable 
TroL  MrrcHEL  to  perfect  and  apply  his  new  astronomical  apparatus. 


Prof.  B.  Peircb. 
ProC  S.  St.  John. 
CapL  Charles  Wilkes. 
Sears  C.  Walker,  Esq. 
Pro£  J.  H.  C.  CoppiN. 


Prof.  A.  D.  Bache. 
Prof  W.  B.  Rogers. 
Prof.  E.  LooMis. 
Lt.  M.  F.  Maury. 
Prof  Joseph  Henrt. 


Sub- Committee,  in  the  name  of  the  Standing  Committee,  to  revise, 
alter,  adopt,  and  publish  the  Rules  of  Organization,  presented  at 
the  meeting  of  the  Standing  Committee,  held  on  Monday,  August  26. 

Prof  A.  D.  Bache.      |  Prof  S.  P.  Baird.      |  Prof  Joseph  Henry. 


Sub-Committee  to  prepare  and  present  to  the  Association  a  System  of 
Scientific  Ethics. 

Prof  Joseph  Henry. 
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OFFICERS  OF  THE  CLEVELAND  MEETING. 


Prof.  B.  Peirce,  President. 
Prof.  S.  F.  Baird,  Permanent  Secretary. 
Prof  J.  D.  Dana,  General  Secretary, 
Dr.  A.  L.  Elwyn,  Treasurer, 

STANDING  COMMTITER 
Prof  L.  A0A88IZ. 
Prof  W.  B.  Rogers. 
Prof  B.  Peirce. 
Prof  S.  F.  Baird. 
Prof  J.  D.  Dana. 
Dr.  A.  L.  Elwyn. 

LOCAL  COMMITTER 
Hon.  William  Case,  Chairman. 
Prof  S.  St.  John,  Secretary. 


RuFUS  K.  W1N8LOW,  Esq. 

Dr.  J.  P.  KiRTLAND. 

J.  P.  Handt,  Esq. 

J.  GiLLETT,  Esq. 

H.  B.  Paine,  Esq. 
H.  P.  Wbddell,  Esq. 


H.  V.  Wilson,  Esq. 
Benjamin  Stannard,  Esq. 
John  M.  Woolset,  Esq. 
H.  C.  KiNosLET,  Esq. 
Horace  Perrt,  Esq. 
Dr.  J.  S.  Newberry. 


Prof  H.  L.  Smith. 
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CONSTITUTION  OF  THE  ASSOCIATION. 


OBJECTS. 


The  Society  shall  be  called  "The  American  Association  for  the 
Advancement  of  Science."  The  objects  of  the  Association  are,  by 
periodical  and  migratory  meetings,  to  promote  intercourse  between 
those  who  are  cultivating  science  in  different  parts  of  the  United 
States ;  to  give  a  stronger  and  more  general  impulse,  and  a  more 
systematic  direction  to  scientific  research  in  our  country ;  and  to 
procure  for  the  labors  of  scientific  men,  increased  facilities  and  a 
wider  usefulness. 

RlTLEa 

VEMBEBS. 

Rule  1.  Those  persons  whose  names  have  been  already  enrolled 
in  the  published  proceedings  of  the  Association,  and  all  those  who 
have  been  invited  to  attend  the  meetings,  shall  be  considered  mem- 
bers, on  subscribing  to  these  rules. 

Rule  2.  Members  of  scientific  societies,  or  learned  bodies,  having 
in  view  any  of  the  objects  of  this  Society,  and  publishing  transactions, 
shall  likewise  be  considered  members,  on  subscribing  to  these  rules. 

Rule  3.  Collegiate  professors  of  natural  history,  physics,  che- 
mistry, mathematics,  and  political  economy,  and  of  the  theoretical 
and  applied  sciences  generally  :  also,  civil  engineers  and  architects 
who  have  been  employed  in  the  construction  or  superintendence  of 
public  works,  may  become  members,  on  subscribing  to  these  rules. 

Rule  4.  Persons  not  embraced  in  the  above  provisions,  may  be- 
come members  of  the  Association,  upon  nomination  by  the  standing 
committee,  and  by  a  majority  of  the  members  present. 

OFFICEBS. 

Rule  5.  The  officers  of  the  Association  shall  be  a  president, 
secretary,  and  a  treasurer;  who  shall  be  elected  at  each  annual 
meeting,  for  the  meeting  of  the  ensuing  year. 
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CONSTITUTION  OF   THB   ASSOCIATION.  XI 

MEETIN06.  • 

RuLB  6.  The  Associatioii  shall  meet  annually,  for  one  week  or 
longer,  the  time  and  place  of  each  meeting  being  determined  by  a 
▼ote  of  the  Association  at  the  previous  meeting ;  and  the  arrange- 
ments for  it  shall  be  entrusted  to  the  officers  and  the  local  committee. 

BTANDmO  OOMHTTTEE. 

RuLB  7.  There  shall  be  a  standing  committee,  to  consist  of  the 
president,  secretary,  and  treasurer  of  the  Association  ;  the  officers 
of  the  preceding  year ;  the  chairmen  and  secretaries  of  the  Sections, 
after  these  shall  have  been  organized  ;  and  six  other  members  pre- 
sent, who  shall  have  attended  any  of  the  previous  meetings  :  to  be 
elected  by  ballot. 

Rule  8.  The  committee,  whose  duty  it  shall  be  to  manage  the 
general  business  of  the  Association,  shall  sit  during  the  meeting,  and 
at  any  time  in  the  interval  between  it  and  the  next  meeting,  as  the 
inter^ts  of  the  Association  may  require.  It  shall  also  be  the  duty  of 
this  committee  to  nominate  the  general  officers  of  the  Association 
for  the  following  year,  and  persons  for  admission  to  membership. 

BECnONS. 

RuLB  9.  The  standing  committee  shall  organize  the  Society  into 
Bections,  permitting  the  number  and  scope  of  these  sections  to  vary 
in  conformity  to  the  wishes  and  the  scientific  business  of  the  As- 
sociation. 

Rule  10.  It  shall  be  the  duty  of  the  standing  committee,  if,  at  any 
time,  two  or  more  sections,  induced  by  a  deficiency  of  scientific 
communications,  or  by  other  reasons,  request  to  be  united  into  one  ; 
or  if  at  any  time  a  single  section,  overloaded  with  business,  asks  to 
be  subdivided,  to  effect  the  change,  and  generally  to  readjust  the 
subdivisions  of  the  Association,  whenever,  upon  due  representation, 
it  promises  to  expedite  the  proceedings,  and  advance  the  purposes 
of  the  meeting. 

SECTIONAL  COMMITTEES  AND  0FFICEB8. 

RuLB  11.  Each  Section  shall  appoint  its  own  chairman  and  secre- 
tary of  the  meeting ;  and  it  shall  likewise  have  a  standing  committee, 
of  such  size  as  the  Section  may  prefer.  The  secretaries  of  the  sec- 
tions may  appoint  assistants,  whenever,  in  the  discharge  of  their 
duties,  it  becomes  expedient. 
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Xll  CONSTITUTION  OF   THE   ASSOCIATION. 

Rule  12.  It  shall  be  the  duty  of  the  standing  committee  of  each 
Section,  assisted  by  the  chairman,  to  arrange  and  direct  the  pro- 
ceedings in  their  Section,  to  ascertain  what  written  and  oral  com- 
munications are  offered,  and,  for  the  better  forwarding  the  business, 
to  assign  the  order  in  which  these  communications  shall  appear,  and 
the  amount  of  time  which  each  shall  occupy ;  and  it  shall  be  the 
duty  of  the  chairman  to  enforce  these  decisions  of  the  committee. 

These  sectional  committees  shall  likewise  recommend  subjects  for 
systematic  investigation,  by  members  willing  to  undertake  the  re- 
searches, and  present  their  results  at  the  next  annual  meeting. 

The  committees  shall  likewise  recommend  reports  on  particular 
topics  and  departments  of  science,  to  be  drawn  up  as  occasion  per- 
mits, by  competent  persons,  and  presented  at  subsequent  annual 
meetings. 

BEPOBTS  OF  PBOCEEDINOS. 

Rule  13.  Whenever  practicable,  the  proceedings  shall  be  re- 
ported by  professional  reporters  or  stenographers,  whose  reports  are 
to  be  revised  by  the  secretaries  before  they  appear  in  print. 

PAPERS  AND  COMMUNICATIONS. 

Rule  14.  The  author  of  any  paper  or  communication  shall  be  at 
liberty  to  retain  his  right  of  property  therein,  provided  he  declares 
such  to  be  his  wish  before  presenting  it  to  the  Society. 

GENEBAL  AND  EVENING  MEETINGS. 

Rule  15.  At  least  three  evenings  of  the  week  shall  be  reserved 
for  general  meetings  of  the  Association,  and  the  standing  committee 
shall  appoint  these  and  any  other  general  meetings  which  the  objects 
and  interests  of  the  Association  may  call  for. 

These  general  meetings  may,  when  convened  for  that  purpose, 
give  their  attention  to  any  topics  of  science  which  would  otherwise 
come  before  the  Sections ;  and  thus  all  the  Sections  may,  for  a  longer 
or  shorter  time,  reunite  themselves  to  hear  and  consider  any  com- 
munications, or  transact  any  business. 

It  shall  be  a  part  of  the  business  of  these  Greneral  Meetings,  to 
receive  the  Address  of  the  President  of  the  last  Annual  Meeting ; 
to  hear  such  reports  on  scientific  subjects,  as,  from  their  general 
importance  and  interest,  the  standing  committee  shall  select  :  also 
to  receive  from  the  chairmen  of  the  Sections,  abstracts  of  the  pro- 
ceedings of  their  respective  Sections  ;  and  to  listen  to  communica- 
tions and  lectures  explanatory  of  new  and  important  discoveries  and 
researches  in  science,  and  new  inventions  and  processes  in  the  arts. 
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OSDBB  OF  PB0CEBDING8  EN  OBGANIZIHG  A  MEETING. 

RuLB  16.  The  Association  shall  be  organized  by  the  President  of 
the  preceding  Annual  Meeting.  The  question  of  the  most  eligible 
distribution  of  the  Soqiety  into  sections  shall  then  occupy  the  atten- 
tion of  the  Association ;  when,  a  sufficient  expression  of  opinion 
being  procured,  the  meeting  may  adjourn ;  and  the  standing  com- 
mittee shall  immediately  proceed  to  divide  the  Association  into  sec- 
tions, and  to  allot  to  the  sections  their  general  places  of  meeting. 
The  Sections  may  then  organize  by  electing  their  officers^  and  pro- 
ceed to  transact  scientific  and  other  business. 

LOCAL  COMMITTEE. 

Rule  17.  The  standing  committee  shall  appoint  a  local  committee 
from  among  members  residing  at  or  near  the  place  of  meeting  for 
the  ensuing  year ;  snd  it  shall  be  the  duty  of  the  local  committeCt 
assisted  by  the  officers,  to  make  arrangements  for  the  meeting. 

8UB8CBIPTI0NS. 

Rule  18.  The  amount  of  the  annual  subscription  of  each  member 
of  the  Association  shall  be  two  dollars  ;  and  one  dollar  in  addition 
shall  entitle  him  to  a  copy  of  the  proceedings  of  the  annual  meeting. 
The  members  attending  an  annual  meeting  shall  pay,  on  registering 
their  names,  an  additional  assessment  of dollars.  These  sub- 
scriptions to  be  received  by  the  treasurer  or  secretary. 

Rule  19.  The  names  of  all  persons  two  years  and  more  in  arrears 
fdfr  annual  dues,  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  previously  been  given. 

ACCOUNTS. 

Rule  20.  The  accounts  of  the  Association  shall  be  audited  an- 
nually, by  auditors  appointed  at  each  meeting. 

ALTERATIONS  OP  THE  CONSTlTtJTION. 

Rule  21.  No  article  of  this  Constitution  shall  be  altered  or 
amended,  without  the  concurrence  of  three-fourths  of  the  members 
present,  nor  unless  notice  of  the  proposed  amendment  or  alteration 
shall  have  been  given  at  the  preceding  annual  meeting. 


Digitized  by 


Google 


RESOLUTIONS  AND  ENACTMENTS 


OF  ▲  PBBVAlf  BfT  AXB  FBOSPSOTITI  GHAXAOIKB, 


PASSED  PREVIOUS  TO  THE  SIXTH  MEETING. 


Resolved,  Tbat  copies  or  abstracts  of  all  communications  made, 
either  to  the  General  Association  or  to  the  sections,  must  be  furnished 
by  the  authors ;  otherwise  only  the  titles  shall  appear  in  the  pub- 
Ibhed  proceedings.  (  Proceedings  Firat  Meeting,  1848,  p.  183.) 

Resolved,  That  1000  copies  of  the  proceedings  of  the  Association 
be  published  in  pamphlet  form,  and  placed  at  the  disposal  of  the 
chairman  of  the  committee  on  publication. 

{Proeeedinge  lirtt  Meeting,  1848,  p.  188.) 

Resolved,  That  a  manual  or  manuals  of  scientific  observation  and 
research,  especially  adapted  to  the  use  of  the  American  inquirer, 
comprising  directions  for  properly  observing  phenomena  in  every 
department  of  physical  science,  and  for  making  collections  in  natural 
history,  etc.,  whether  on  land  or  at  sea,  is  much  needed  at  the  present 
time ;  and  that  such  a  publication,  placed  in  the  hands  of  officers  of 
the  army  and  navy,  would  greatly  tend  to  develop  the  natural  re- 
sources of  our  extended  country,  and  to  the  general  advancement 
of  science. 

Resolved,  That  the  American  Association  for  the  Advancement  of 
Science  cordially  recommends  the  Smithsonian  Institution  to  under- 
take the  preparation  of  such  a  volume,  under  the  editorial  superin- 
tendence of  its  Secretary,  to  be  published  in  its  series  of  reports. 

Resolved,  That  this  Association  will  cordially  codperate  in  the 
production  of  such  a  manual  or  manuals,  in  whatever  manner  may 
be  best  adapted  to  secure  the  end  in  view. 

{Proceedings  Second  Meeting,  1849,  pp.  278,  851.) 
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Meiolved,  That  no  paper  be  read  before  the  future  meetings  of 
the  Association,  unless  an  abstract  of  it  has  previously  been  pre- 
sented to  the  Secretary. 

Raolved,  That  hereafter  all  books,  charts,  maps,  and  specimens, 
'which  may  be  presented  to  the  Association,  shall  be  given  to  the 
Smithsonian  Institution.  (Froeeedingt  Second  Meeting,  1849,  p.  272.) 

Rettdved,  That  a. secretary  be  appointed,  who  shall  hold  his  office 
^or  the  term  of  three  years,  and  shall  have  a  salary  of  $300  per 
annum,  and  whose  duty  it  shall  be  to  compile  for  publication  all 
proceedings  or  transactions  of  the  Association,  to  superintend  the 
publication  of  the  same,  and  to  conduct  the  correspondence ;  the 
title  of  said  officer  to  be  that  of  Permanent  Secretary  of  the  Ame- 
rican Association.  (  Proceedinge  Fourth  Meeting,  1860»  p.  IS.) 

Retolvedy  That  the  standing  committee  have  power  to  fix  the 
duties  of  the  Permanent  Secretary  of  this  Association. 

Resolved,  That  the  Permanent  Secretary  be  a  member,  ex  officio^ 
of  the  standing  committee. 

Resolved^  That  the  Permanent  Secretary  be  instructed  to  erase 
from  the  list  of  members  of  this  Association,  the  names  of  all,  who, 
by  the  return  of  the  treasurer,  shall  appear  to  be  two  years  in  arrears 
for  annual  dues ;  suitable  notice  being  given  by  two  circulars  from 
the  treasurer,  at  an  interval  of  three  months,  to  all  who  may  fall 
within  the  intent  of  this  resolution. 

Resolved,  That  the  standing  committee  have  full  power  to  com- 
plete and  finish  any  outstanding  business  of  the  Association,  in  their 
name.  (Proceedinge  Fourth  Meeting,  1860,  p,  841.) 

Resolvedf  That  a  copy  of  the  printed  volume  of  Proceedings  of 
the  Meetings  at  Philadelphia,  Cambridge,  and  New-Haven,  be  pre- 
sented to  the  libraries  of  Harvard  and  Yale. 

(Proceedinge  Fourth  Meeting,  1860,  p,  846.) 

Resolved,  That  the  Treasurer  be  requested  to  retain  $300  of  the 
funds  in  his  hands,  and  belonging  to  the  Association,  for  the  purpose 
of  paying  the  salary  of  the  Permanent  Secretary  :  said  payment  to 
be  made  at  such  time,  and  in  such  manner,  as  may  be  agreed  upon 
by  the  Treasurer  and  Permanent  Secretary. 
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Resolved,  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation be  presented  to  the  New- York  Lyceum,  and  the  Philadelphia 
Academy  of  Natural  Sciences. 

Resolved,  That  the  Permanent  Secretary  be  requested  to  provide 
minute  books,  suitably  ruled,  for  the  list  of  members  and  titles  of 
papers,  minutes  of  the  general  and  sectional  meetings,  and  for  the 
other  purposes  indicated  in  the  rules. 

Resolvedt  That  whenever  the  Permanent  Secretary  notices  any 
error  of  fact  or  unnecessary  repetition,  or  any  other  important  de- 
fect in  the  papws  communicated  for  publication  in  the  proceedings 
of  the  Association,  that  be  be  authorized  to  commit  the  same  to  the 
author,  or  to  the  proper  sub-committee  of  the  standing  committee, 
for  correction.  (Proceedings  Fourth  Meeting,  I860,  pp,  390,  891.) 

Resolved,  That  copies  of  the  Proceedings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  be  presented  to  the  American 
Academy  of  Arts  and  Sciences,  Boston ;  to  the  Boston  Society  of 
Natural  History,  to  the  New- York  Lyceum  of  Natural  History,  to 
the  American  Philosophical  Society  and  to  the  Academy  of  Natural 
Sciences  of  Philadelphia,  to  the  Smithsonian  Institution,  and  to  the 
Western  Academy  of  Natural  Sciences  at  Cincinnati. 

(Proeeedinge  Fifth  Meeting,  1861,  p,  249.) 

[  For  the  acts  of  the  Sixth  MeeiiDg,  see  page  402.] 
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Bache,  Dr.  Franklin,  Philadelphia[l]. 
Bachman,  Dr.  John,  Charleston [1]. 
Bacon,  Pros.,  Washington,  D.C.[1]. 
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Blake,  William  P.,  Esq,,  New.YoTk[2]. 
Blanding,  Dr.  William,  Philadelphia[l]. 
Blaney,  Pro£  James  V.  Z.,  M.D.,  Chicago,  niinoi8[5]. 
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Saxton,  Joseph  D.,  Esq.,  Washington,  D.C.[1]. 
Saynish,  Dr.  Lewis,  Blossburg,  PenD8y1vaDia[l]. 
Scarborough,  Rev.  George,  Owensburg,  Kentucky[2]. 
Schaeffer,  Prof.  George  C,  Lebanon,  Kentucky[l]. 
Schaeffer,  Peter  W.,  Esq.,  Pottsville,  PennBy]vania[4]. 
Schank,  Dr.  J.  St il well,  Princeton,  New- Jersey [4]. 
Shumard,  Dr.  B.  F.,  Louisville,  Kentucky. 
Scoville,  John,  Esq.,  Salisbury,  Massachusetts [6]. 
Scriven.  Dr.  T.  P.,  Savannah,  Georgia[3]. 
Seely,  Charles  A.,  Esq.,  Rochester,  NewYork[6]. 
Selden,  George  M.,  Esq.,  Troy,  New-york[6]. 
Selden,  Silas  R.,  Esq.,  New-Haven,  Counecticut[4]. 
Sessions,  John,  Esq.,  Albany,  New-York[6]. 
Seward,  Hon.  William  H.,  Auburn,  New-York[l]. 
Slialer,  Dr.  N.  B.,  Newport,  Kentucky[.5]. 
Shepard,  Prof.  C.  U.,  New-Haven,  Cunuecticut[4]. 
Shepard,  Rev.  G.  C,  Boslou[3]. 
Sherman,  Prof.  S.  S.,  Howard  College,  Alabama[3]. 
Shurtleff,  Dr.  N.  B.,  Bo8ton[l]. 
Sill,  Hon.  Elisha,  Cuyahoga-Falls,  Ohio[6]. 
Silliman,  Prof.  Benjamin,  New-Haven,  Connecticut[l]. 
Siiliman,  Prof  Benjamin,  junior,  New-Haven,  Connecticttt[l]. 
Simmons,  Daniel,  Esq.,  Paris-Hill,  New-York[6]. 
Sismondi,  Dr.  Eugene,  Turin,  Piedmont  [I  J. 
Skillon,  Dr.  Avery  J.,  Troy.  New-york[6]. 
Slack,  Dr.  Elijah,  Cincinnati,  Ohio[/iJ. 
Smith,  Prof  A.  W.,  Middletown,  Connecticut[4]. 
Smith,  Erastus,  Esq.,  Hartford,  Connecticut  [I  J. 
Smith,  George  W.  L.,  Esq.,  Troy,  Nevv-York[6]. 
Smith,  Prof  Hamilton  L.,  Cleveland,  Ohio[5]. 
Smith,  Prof  J.  Lawrence,  New-Orleans[lJ. 
•Smith,  J.  v.,  Esq.,  Cincinnati,  Ohio[5]. 
Smith,  Dr.  J.  V.  C,  Boston[l]. 
Smith,  Oliver,  Esq.,  New-York[l]. 
Snell,  Prof  Eben  S.,  Amherst,  Ma88achusett8[2]. 
Sommers,  Rev.  Dr.,  Charleston [3]. 
Sowell,  Dr.  J.  F.,  Athens,  Ge6rgia[3]. 
Sparks,  Pres.  Jared,  Cambridge,  Ma8Bachu8ett8[2]. 
Spear,  Charles  V.,  Pittsfield,  Ma86achusett8[4]. 
Spencer,  C.  A.,  Esq.,  Canastota,  New-York[6]. 
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Spooner,  Edward  A.,  Plymouth,  Mas8achu8ett8[4]. 

Squier,  E.  G.,  Esq.,  New.York[l]. 

St.  John,  Prof.  Samuel,  Hudson,  Ohio[l]. 

Stadmuller,  Ludwig,  Bristol,  Connecticut  [4]. 

Stannard,  Benjamin,  E8q.,  Cleveland,  Ohio[6]. 

Stansbury,  Capt.  Howard,  U.S.A.,  Washington,  D.C.[6]. 

Steams,  Prof.  E.  J.,  Annapolis,  Maryland. 

Stebbins,  Dr.  Richard,  Springfield,  Mas8achu8ett8[4]. 

Stebbins,  Rev.  Rufus  P.,  Meadville,  Penn8ylvania[2]. 

Stephens,  A.  H.,  Esq.,  New.York[l]. 

Stetson,  Charles,  Cincinnati,  Ohio[4]. 

Steuart,  Prof.  A.  P.,  Lebanon,  Tenne88ee[6]. 

Stevens,  Maj.  J.  J.,  U.S.A.,  Washingtcm,  D.C.[6]. 

Stoddard,  Prof.  J.  W.,  Oxford,  Ohio[5]. 

Stodder,  Charles,  Esq.,  Bo8ton[l]. 

Stone,  Charles  S.,  Esq.,  Trenton,  New- Jersey [4], 

Stone,  L.,  Esq.,  Cleveland,  Ohio[4]. 

Storer,  Dr.  D.  H.,  Boston[l]. 

Sumner,  Charles,  Esq.,  Boston [2]. 

Sutherland,  Prof.,  Montreal,  Canada [6]. 

Swift,  Dr.  William,  U.S.N.,  New-York[l]. 

Swinburne,  John,  Esq.,  Albany[6]. 

T. 
Tabor,  Azor,  Esq.,  Albany,  New- York  [6]. 
Talmadge,  Hon.  James,  New-York[l]. 
Taylor,  James,  Esq.,  Albany,  New- York [6]. 
Taylor,  Dr.  Julius  S.,  CaiTolton,  Montgomery  county,  0.[1]. 
*Taylor,  Richard  C,  Esq.,  Philadelphia[l]. 
Taylor,  W.  J  ,  Esq.,  Philadelphia[6]. 
Teschemacher,  J.  E.,  Esq.,  Boston  [I]. 
Tenney,  Benjamin,  J.,  Kingston,  New- York [6]. 
Tewis,  Robert  C,  Esq.,  Shelbyville,  Kentucky. 
Thomas,  William  S.,  Norwich,  New-York[6]. 
Thompson,  Dr.  ?  Aurora,  New-York[6]. 

Thompson,  Aaron  R.,  New-York[l]. 
Thompson,  Johfl  Edgar,  Esq.,  Philadelphia[l]. 
Thompson,  Hon.  Waddy,  Greenville,  SDUth-Carolina[3]. 
Thompson,  Rev.  Z.,  Burlington,  Vermont[l]. 
Thurber,  George,  Esq.,  Providence,  Rhode-l8luid[l]. 
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Tiffany,  Charles  C,  Esq.,  Baltimore[6]. 

Tiffany,  Prof.  O.  H.,  Carlisle,  Pennsylvania [5]. 

Tingley,  Prof.  Joseph,  Greencastle,  Indiana[5]. 

Tolman,  Albert,  Esq.,  Pittsfield,  Massachusetts[6]. 

Torrey,  Dr.  John,  New-York[l]. 

Torrey,  Prof.  Joseph,  Burlington,  Vennont[2]. 

Totteu,  Gen.  J.  G.,  U.S.A.,  Washington,  D.C.[1]. 

Townsend,  Dr. ]  John's  Island,  South-Carolina[3]. 

Townsend,  Hon.  Franklin,  Albany,  New-York[4]. 
•Townsend,  John  K.,  Esq.,  Phi]adelphia[l]. 

Treadwell,  Daniel,  Cambridge,  Massachusett8[2]. 

Tread  well.  Prof.  J.,  Cambridge,  Massachusetts[l]. 

Trego,  Charles  B.,  Esq.,  Philade]phia[l]. 

Trenholm,  George  A.,  Esq.,  Charleston [3]. 
•Troost,  Dr.  Gerard,  Nashville,  Tennessee[l]. 

Troost,  Lewis,  Esq.,  Nashville,  Tennessee[l]. 

Trumbull,  James  H.,  Esq.,  Stonington,  Connecticut[4]. 

Tuomey,  Prof.  M.,  Tuscaloosa,  Alabama. 

Twining,  Prof.  Alexander  C,  Erie,  Pennsylvania [6], 
•Tyler,  Rev.  Edward  R.,  New-Haven,  Connecticut[l]. 

V. 
Vancleve,  John  W.,  Dayton,  Ohio[l]. 
Van  Lennep,  Rev.  H.,  Constantinople,  Turkey [1]. 
Van  Tuyle,  Dr.  Henry,  Dayton,  Ohio[6]. 
•Vanuxem,  Laroner,  Esq.,  Bristol,  Pennsylvanta[l]. 
Vaughau,  Daniel,  Esq.,  Newtown,  Scott  county,  Kentacky[5]« 
Vaux,  William  S.,  Esq.,  Philadelphia[l]. 
Venable,  Prof  Charles,  Virginia[4]. 

W. 
Wadsworth,  John  S.,  Esq.,  Genesee,  New-York[2]. 
Wailes,  Col.  B.  L.  C,  Washington,  Mississippi[l]. 
Walker,  Sears  C,  Esq.,  Washington,  D.C.[1]. 
Walker,  Hon.  Timothy,  Cincinnati,  Ohio[4]. 
Ward,  James  W.,  Esq.,  Cincinnati,  Ohio[5]. 
Ward,  Dr.  Matthew  A.,  Athens,  Georgia[3]. 
Warder,  Dr.  J.  A.,  Cincinnati,  Ohio[4]. 
Waring,  Charles  B.,  Esq.,  New-York[6]. 
Waring,  Samuel  C,  Esq.,  New-York[6]. 
Warren,  J.  Mason,  Boston[2]. 
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Warren,  Dr.  John  C,  Bo8ton[l]. 

Webber,  Dr.  Samael,  Cbarlestown,  New-Hamp8hire[l]. 
•Webster,  H.  B.,  Esq.,  Albany,  New-York[l]. 
•Webster,  Dr.  J.  W.,  Cambridge,  Ma8sacbu8ett8[l]. 
•Webster,  M.  H.,  Esq.,  Albany,  New-York[l]. 

Weddell,  H.  P.,  Esq.,  Cleveland,  Ohio[6]. 

Weed,  Monroe,  Esq.,  Le  Roy,  New- York  [6]. 

Weld,  Henry  Thomas,  junior,  Esq.,    Mount  Savage  Works, 
Maryland[l]. 

Weld,  Mason  C,  New-Haven,  Connecticut  [4]. 

Wells,  David  A.,  Cambridge,  Massachusett8[2]. 

Wells,  Dr.  Thomas,  New-Haven,  Connecticut[4]. 

West,  Charles  E.,  Esq.,  New-York[l]. 

Wetherill,  Dr.  Charles  M.,  Philadelphia[4]. 

Wetherill,  Prof.  Leander,  Rochester,  New-York[2]. 

Wethrell,  Prof.  L.,  Lagrange,  Kentucky [2], 

Weyman,  G.  W.,  Esq.,  Pittsburg,  Penu8ylvania[6]. 

Wheatland,  Dr.  Henry,  Salem,  Massachu8ett8[l]. 

Wheatley,  Charles  M.,  Esq.,  New-York[l]. 

White,  E.  B.,  Esq.,  Charleston  [3]. 

White,  Rev.  George,  Marietta,  Georgia [3]. 

Whiting,  Col.  H.,  Detroit,  Michigan[l]. 

Whitman,  William  E.,  Esq.,  Philadelphia[l]. 

Whitney,  Asa,  Esq.,  Philadelphia[l]. 

Whitney,  Eli,  Esq.,  New-Haven,  Connect icut[4]. 

Whitney,  J.  D.,  Esq.,  Northampton,  Ma8sachusetts[l]. 

Whittemore,  Thomas  J.,  Esq.,  Cambridge,  MassachusettB[2]. 

Whittich,  ?  Esq.,  Penfield,  Georgia[3]. 

Whittlesey,  Charles,  Esq.,  Cleveland,  Ohio[l]. 

Wightman,  Rev.  Dr.,  Charleston  [3]. 

Wilcox,  Lester,  Esq.,  Canajoharie,  New- York [4]. 

Wilder,  Henry,  Esq.,  Lancaster,  Massachusetts[l]. 

Wilder,  L.,  Esq..  Hoosick-Falls,  New-York[l]. 

Wilkes,  Capt.  Charles,  U.S.N.,  Washington,  D.C.[1]. 

Williams,  Abram  E.,  Esq.,  Albany,  New- York  [6]. 

Williams,  Prof.  L.  D.,  Meadville,  Penn8ylvania[6]. 

Williams,  Dr.  P.  O.,  Gouvemeur,  St.  Lawrence  co.,  N,Y.[6]. 

Williams,  Prof.  S.  K.,  Canonsburg,  Pennsylvania[6]« 

Williman,  Dr.  A.  B.,  Charleston [3]. 

Wilson,  H.  v.,  Esq.,  Cleveland,  Ohio[6]. 
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Wilson,  Prof.  James  R.,  Hampden  Sydney,  Virginia[5]. 

Wilson,  John,  Esq.,  Staunton,  Virginia [6]. 

Wilson,  Hon.  John  Q.,  Albany,  New-york[6]. 

Wilson,  Dr.  Samuel,  Charleston [3]. 

Wilson,  Rev.  William,  Cincinnati,  Ohio[2]. 

Winchell,  Alexander,  Esq.,  Eutaw,  Alabama[3]. 

Wing,  Dr.  Joel  Albany,  Now  Voik[4]. 

Wing,  Matthew,  Esq.,  Albany,  New-York[4]. 

Winlock,  Prof.  James,  Shelby  C«illege,  Kentucky[5]. 

Winslow,  Rev.  G..  Staten  Island,  New-York[l]. 

Winslow,  Rufus  K.,  Esq.,  Cleveland,  Obio[6], 

Woodbridge,  Rev.  J.E.,  Bosloij[6]. 
•Woodbury,  Hon.  L.,  Portsmouth,  New-Hampshire[l]. 

Woodhull,  Lieut.  Maxwell,  U.S.A.,  Washington,  D.C.[4]. 

Wool,  Maj.  Gen.  J.  E..  U.S.A.,  Troy,  New.York[6]. 

Woollelt,  William  L.,  Esq.,  Albany,  New-York[6]. 

Woolsey,  J.  M.,  Esq.,  Cleveland,  Ohio[6]. 

Woolsey,  Prof.  Theodore  D.,  New-Haven,  Connecticut [4]. 

Worcester,  Dr.  Joseph  E.,  Cambridge,  Massachusetts[2]. 

Woither,  A.  H.,  Esq.,  Warsaw,  lllinois[5]. 

Wragg,  Dr.  W.,  Charleston [3]. 

Wright,  Charles  W.,  Esq.,  Cincinnati,  Ohio[5]. 
•Wright,  Dr.  John,  Troy,  New-York  [I]. 

Y  A  Z. 
Yandell,  Prof.  L.  P.,  Louisville,  Kentucky[5]. 
Yeadon,  Richard,  Esq.,  Charleston [3]. 

Youmans,  E.  L..  Esq.,  Middlegrove,  Saratoga  co.,  N,  Y,[6]« 
Young,  William  L.,  Esq.,  Vicksburg,  Mississippi [5]. 
Zimmermann,  C,  Esq.,  Columbia,  South-Caroliua[^]« 
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ADeii,  Prof.  R  A.  H.,  Troy,  N.  Y. 
AUen,  John  H..  Esq.,  Oxford,  Md. 
Andrews,  Joel  W.,  Esq.,  Albany. 
Anthony,  Charles  H.,  Esq.,  Albany. 
Armsby,  Dr.  James  H.,  Albany. 
Avery,  Prof.  Charles,  Schenectady,  N.Y. 
Baird,  Rey.  R  Thompson,  Washington 

College,  R  Tenn. 
Baird,  Dr.  Thomas  D.,  Baltimore. 
Bannister,  Rev.  Henry,  Cazenovia,  N.  Y. 
Barton,  W.,  Esq.,  Troy,  N.  Y. 
Beardsley,  R.  G.,  Esq.,  Albany,  N.  Y. 
Beman,  Rev.  Dr.,  Troy,  N.  Y. 
Blatchford,  Dr.  Thomas  W.,  Troy,  N.  Y. 
BriggB^  C,  Esq.,  Ironton,  Ohio. 
Brinsmade,  Dr.  Thomas  C,  Troy,  N.  Y. 
Buell,  David,  Jr.,  Troy,  N.  Y. 
Burr,  R  F.,  Esq.,  Lyme,  Conn. 
Burton,  Dr.  C.  V.  W.,  Lansingbnrgh,  N.Y. 
Bnrwell,  Dr.  George  N.,  Buffalo,  N.  Y. 
Cabell,  Prot  James  L,  University  of  Va. 
Carpenter,  George  W.,  Esq.,  Albany. 
Case,  Hon.  William,  Cleveland,  Ohia 
dark.  Dr.  Alonzo,  New-York. 
dark,  L.  M.,  Esq.,  Canandaigua,  N.  Y. 
Conkey,  Dr.  J.  S.,  Antwerp,  Jeff.  Co.,  N.Y 
Convers,  C.  C,  Esq.,  Zanesville,  Ohio. 
Cook,  Prot  George  H.,  Albany. 
Coming,  Hon.  Erastus,  Albany. 
Croswell,  Edwin,  Esq.,  Albany. 
Curtis^  James  L,  Esq.,  New- York. 
Dalson,  Lt  A.,  Cambridge,  Mass^ 
Davenport^  Rev.  James  R.,  Albany. 
Davis,  Rev.  Emerson,  Westfield,  Mass. 
Dean,  Prof.  Amos,  Albany. 
Detxter,  James,  Esq.,  Albany. 
Douglass,  Prof.  Silas  H.,  Ann  Arbor,Mich. 
Dfown,  Prot  Charley  Troy,  N.  Y. 


Easter,  John  D.,  Esq.,  Baltimore. 
Ela,  Joseph,  Esq.,  Concord,  N.  H. 
Ferris,  Rev.  Dr.  Isaac  N.,  New-York. 
Fitch,  Rev.  Enoch,  Lyme,  Conn. 
Foote,  Dr.  Thomas  M.,  Albany. 
Gilham,  Pro!  W.,  Lexington,  Ya. 
Gillett,  J.,  Esq.,  develand,  Ohia 
Goadby,  Dr.  Henry,  New- York. 
Goodsell,  Dr.  Thomas,  Utica.  N.  Y. 
Gray,  H.,  Esq.,  Springfield,  Massw 
Gray,  Dr.  James  H.,  Springfield,  Mass. 
Guest,  W.  R,  Esq.,  Ogdensburgh,  N.  Y. 
Hadley,  Prof.  George,  Buffalo,  N.  Y. 
Hague,  John  M.,  Esq.,  Newark,  N.  J. 
Hague,  W.  W.,  Esq.,  Newark,  N.  J. 
Handy,  J.  P.,  Esq.,  Cleveland,  Ohio. 
Harris,  Hon.  Ira,  Albany. 
Hartwell,  Charles,  Esq.,  Lincoln,  Mass. 
Haskins,  R.  W.,  Esq..  Buffalo,  N.  Y. 
HiU,  Nicholas,  Jr.,  Albany. 
Hill,  a  W.,  Esq.,  Eagle  Harbor,  L.  Sup. 
Holyoke,  Francis,  Esq.,  Salem,  Mass. 
Holton,  Dr.  David  P.,  New-York. 
Hotchkiss,  Jedediah,  Bridgewater,  Y%. 
Howell,  Robert,  Esq.,  Nichols^  Tioga 

Co.,  N.Y. 
Humphrey,  S.  Dwight,  Esq.,  New-York. 
Hunt,  Hon.  Washington,  Albany. 
Jenkins,  John  F.,  Esq.,   North  Salens 

Washington  Co.,  N.  Y. 
Johnson,  Alexanders.,  Esq.,  New-York. 
Johnson,  W.  C,  Esq.,  Utica,  N.  Y. 
Kerr,  G.  H,,  Esq.,  Franklin,  Del. Co.  N.Y. 
Kimball,  Pro!  D.  A.,  Warren,  Mass. 
King,  Charles,  LL.  D.,  Columbia  Coll., 

New-York. 
Kingsley,  Prof.,  Meadville,  Pa. 
Kitchell,  Dr.  W.,  Newark,  N.  J. 
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Lamoreux,  Dr.  M.  W.,  Schenectady,  N.  Y. 
Lanaiog,  Hon.  Oerrit  Y.,  Albany. 
Leeds,  a  P.,  E«q.,  Brooklyn,  K.  Y. 
Lefroy,  Capt  J.  H.,  R.  A.,  Toronto,  aW. 
Leonard,  F.  B.,  Esq.,  Lansingburgh,  N.Y. 
Leonard,  Rey.  Levi,  Dublin,  N.  H. 
Lintner,  J.  Albert,  Esq.,  Schoharie,  N.  Y. 
Lyman,  Rev.  Addison,  Geneseo,  DL 
Lyman,  J.,  Esq.,  Lenox,  Mass. 
MoAlpine,  William  J.,  Esq.,  Albany. 
Mandeyille,  Rev.  H.,  Albany. 
Martin,  Rev.  Benj.  N.,  Albany,  N.  Y. 
Meads»  Orlando,  Esq.,  Albany. 
Meek,  T.  B.,  Esq.,  Owenboro',  Ky. 
MiUer.  Prot  W.  A,  Albany,  N.  Y. 
Molinard,  Prol  J.,  Albany,  N.  Y. 
Monroe,  Rev.  Nathan,  Bradford,  Mass. 
Muisell,  J.,  Esq.,  Albany. 
Morphy,  J.  W.,  Esq.,  Troy,  N.  Y. 
Nash,  Rev.  J.  A,  Amherst,  Mass. 
Newton,  Hubert  A,  Esq.,  Sherbume,N.Y. 
Northrop,  Richard  H.,  Esq.,  Albany. 
Norton,  Prot  W.  A,  Providence,  R.  L 
Orvis»  Joseph  U.,  Troy,  N.  Y. 
Paine,  H.  B.,  Esq.,  Cleveland,  Ohio. 
Paine,  Dr.  H.  D.,  Albany,  N.  Y. 
Palmer,  Charles  H.,  Rome,  Michigan. 
Parker,  Hon.  Amasa  J.,  Albany. 
Parry,  Dr.  Charles  G,  Daven(>ort»  Iowa. 
Peet»  Dr.  H.  P.,  New-York. 
Peirce,  David  S.,  Esq.,  Albany. 
Perry,  Horace,  Esq.,  Cleveland,  Ohio. 
Pohlman,  Rev.  Dr.  Henry,  Albany. 
Potter,  Rev.  Dr.  H.,  Albany. 
Ripley,  Hezekiah  W.,  Esq.,  New-York. 
Roes,  A.  C,  Esq.,  Zanesville,  Ohio. 
Rousseau,  Henry,  Esq.,  Albany,  N.  Y. 
Ruggles,  Samuel  B.,  Esq.,  New- York. 
Safford.  Pro£  J.  M,  Lebanon,  Tenn. 
Sager,  Prof.  Abraham,  Ann  Arbor,  Mich. 
Sanford,  a  N.,  Esq.,  Granville,  Ohio. 
Sooville,  John,  Esq.,  Salisbury,  Muss. 
Seely,  Charles  A,  E#q.,  Rochester,  N.  Y. 
Selden,  George  M,  Esq..  Troy,  N.  Y. 


Sessions^  John,  Esq.,  Albany. 

Sill,  Hon.  Elisha,  Cuyahoga  Falls.  Ohio. 

Simmons^  Daniel,  Esq.,  Paris  Hill,  N.  Y. 

Skilton,  Dr.  Avery  J.,  Troy,  N.  Y. 

Smith,  George  W.  L.,  Esq.,  Troy,  N.  Y. 

Spencer,  C.  A,  Esq.,  Canastota,  N.  Y. 

Stannard,  Benjamin,  Esq.,  Cleveland,  0. 

Stansbury,    Capt  Howard,    U.  a  A^ 
Washington,  D.  C. 

Steuart,  Prol  A  P.,  Lebanon,  Tenn. 

Stevens,  Major  J.  J.,  U.  a  A.,  Washing- 
ton, D.  a 

Sutherland,  Prot,  Montreal. 

Swinburne,  John,  Esq.,  Albany. 

Tabor,  Azor,  Esq.,  Albany. 

Taylor,  James,  Esq.,  Albany. 

Taylor,  W.  J.,  Esq.,  Philadelphia. 

Tenney,  Benjamin  J.,  Kingston,  N.  Y. 

Thomas,  William  a,  Norwich,  N.  Y. 

Tiflfiany,  Charles  C,  Esq.,  Baltimore. 

Tolman,  Albert  Esq.,  Pittsfield,  Masb 

Twining.  Prot  Alexander  C,  Erie,  Pa. 

Van  Tuyle,  Dr.  Henry,  Dayton,  Ohio, 

Waring,  Charles  B.,  Esq.,  New-York. 

Waring,  Samuel  C,  Esq.,  New-York. 

Weddell,  H.  P.,  Esq.,  Cleveland,  Ohio. 

Weed,  Monroe,  Esq.,  Le  Roy,  N.  Y. 

Weyman,  G.  W.,  Esq.,  Pittsburg,  Pa. 

Williams,  Abram  R,  Esq.,  Albany. 

Williams,  Prot  L.  D.,  Meadville,  Pa. 

Williams,  Dr.  P.  0.,  Gouverneur,  St 
Lawrence  Co.,  N.  Y. 

Williams,  Prot  a  E.,  Canor.sburg,  Pa. 

Wilson,  Hon.  John  Q.,  Albany,  N.  Y. 

Wilson,  H  v.,  Esq.,  Cleveland,  Ohio, 

Wilson,  John,  Esq.,  Staunton,  Va. 

Winslow,  Rufus  K.,  Esq.,  Cleveland,  0. 

Woodbridge,  Rev.  J.  R,  Boston. 

Wool,  Major-General  J.  R,  U.  a  A., 
Troy.  N.  Y. 

Woollett  William  L.,  Esq.,  Albany. 

Woolsey,  John  M,  Esq.,  Cleveland,  0. 

Youmans,   Ed.  L.,   Esq..  Middlegrove. 
Saratoga  Co.,  N.  Y. 


Hotfoes  of  CROffs  or  omlssloDS  la  the  pfeeeding  lists  should  be  oommoaieated  to  the 
Beeretary. 


Digitized  by 


Google 


ADDRESS 


OF 


PROFESSOR  A.  D.  BACHE, 

PRESIDENT  OP  THE  AMERICAN  ASSOCIATION  FOR  THE  YEAR  1851, 

ON  BSTIRINO  IBOM  THE  DUTIES  OF  FBEBIDKMT. 


On  retiring  from  the  office  of  PresidoDt  of  the  American  Association 
for  the  Advancement  of  Science,  I  submit,  in  conformity  with  usage, 
to  its  members,  a  few  remarks  in  relation  to  the  circumstances  at* 
tending  its  organization,  and  to  its  pi'ogress,  and  some  considerations 
of  the  direction  in  which  we  may  look  for  its  greatest  usefulness. 

The  condition  of  society  and  of  science  of  the  day  seems  to  have 
called  for  the  organization  of  general  associations  for  the  promotion 
and  advancement  of  science  in  nearly  every  country  where  its  cul- 
tivators are  numerous,  zealous,  and  not  closely  gathered  in  one 
community ;  the  precursors  of  more  general  unions  for  the  same  good 
purpose.  To  render  such  meetings  practicable,  modem  facilities  of 
communication  are  indispensable ;  and  when  these  shall  have  brought 
Berlin  and  New- York  as  near  as  were  Berlin  and  Paris  at  the  close 
of  the  last  century,  we  may  pass  from  our  present  organization  to 
something  characteristic  of  the  day  of  railroads  and  the  dawn  of 
telegraphs. 

As  the  want  seems  to  have  been  universally  recognized,  so  it  has 
been  modified  essentially  by  circumstances.  In  Germany,  the  cul- 
tivators of  science  have  met  in  a  social  way,  communicated,  and 
dispersed.  In  Great  Britain,  an  imposing  permanent  organization 
bas  kept  the  British  Association  always  active,  even  when  not  to- 
jrether.Our  own  Association  has  scarcely  developed  a  decided  track : 
ts  end,  the  advancement  of  science  ;  but  the  roafd  to  that  end,  left 
o  the  results  of  reconnoissance  widely  made  on  each  side  of  the 
lealen  path,  to  explore  new  ways  around  or  through  the  obstacles. 
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Such  associations  cannot  stimulate  into  being  a  Newton  or  a 
Cuvier ;  but  who  can  say  bow  much  more  they  would  have  enabled 
Newfon  and  Cuvier  to  do,  by  removing  the  load  of  opposition  to 
their  discoveries,  by  bringing  up  the  cultivators  of  science  as  a  body 
at  once  to  the  level  of  their  knowledge,  and  by  causing  many  minor 
lights  to  shine  for  the  benefit  of  the  time,  either  by  reflection,  or  by 
the  enkindling  of  new  flame  from  their  influence  1  Who  will  say  that 
they  do  not  return  wiser,  better,  more  zealous  according  to  know- 
ledge, from  a  meeting  with  Arago,  with  Humboldt,  with  Gauss,  with 
Brewster,  with  Faraday,  and  their  compeers ;  or,  to  come  nearer 
home,  with  Henry,  Peirce,  or  Agassiz?  A  man  must  be  beyond 
improvement,  indeed,  whom  such  companionship  will  not  benefit. 

But  is  it  true  that  genius  is  beyond  or  above  the  stimulus  of  as- 
sociation ?  Let  the  man  among  us  who  has,  if  ever  man  had  the  true 
"  divine  breath,"  tell  us,  in  simple  and  single-heartedness,  whether 
he  left  that  meeting  of  the  British  Association  the  same  man  who 
went  there ;  whether  the  eflect  of  that  simple  and  single  figure  on 
the  blackboard,  which  showed  to  the  geologists  of  the  day  discoveries 
to  be  made,  founded  on  principles  which  created  a  new  era  in  clas- 
sification, was  limited  to  hi8  auditors,  or  even  to  cultivators  of  science 
through  whom  they  spread  with  lightning  rapidity  and  vividness  : 
did  it  not  react  on  him  T 

If  such  associations  bring  out  only  common  men,  it  is  because 
there  are  none  others  within  their  sphere  of  influence.  Men  of  genius 
are  still  emphatically  men,  and  of  all  others  susceptible  most  truly 
of  human  and  humanizing  influences.  Of  them  emphatically  it  may 
be  said,  if  they  will  not  say  it  for  themselves.  Homo  sum,  et  nil 
humanum  alienum  me  puto.  The  world  is  made  up  of  ordinary  men, 
and  it  is  the  part  of  common  sense  not  to  despise  their  doings.  The 
specimens  collected  or  the  observations  made  by  the  humblest  geo- 
logist who  ever  wielded  a  hammer,  or  the  meekest  astronomer  who 
ever  noted  a  transit,  serve  as  part  of  the  foundation  of  the  superb 
structure  raised  by  Von  Buch,  or  by  Leverrier.  If  the  zeal  of  second- 
rate  men  is  warmed  into  activity  and  directed  in  its  development  by 
such  influences,  the  general  level  of  science  is  raised  by  slovv  deposit, 
which  may  on  occasion  make  mountains  by  upheaval  Associations 
are  not  proposed  as  a  panacea,  but  only  in  cases  needing  a  moderate 
stimulant  :  they  appeal  to  some  of  the  strongest  and  best  motives 
of  our  nature. 

Let  us  now  briefly  and  rapidly  glance  at  the  general  condition  of 
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science  amotij^  ns  prior  to  and  at  the  time  of  the  formation  of  our 
Association,  the  obstacles  which  were  presented  to  its  organizatioDy 
and  the  mode  of  its  formation. 

In  the  colonial  period  of  our  country,  the  professors  of  mathema- 
tics and  natural  philosophy  corresponded  with  the  leading  scientific 
men  of  Great  Britain,  some  of  them  intimately  :  they  looked  for 
assistance  in  their  pursuits  (chiefly  those  of  astronomy)  to  them,  and 
for  direction  when  special  occasions  of  interest  rendered  their  co- 
operation desirable.  Winthrop  of  Massachusetts,  and  Rittenhouse  of 
Pennsylvania,  had  the  full  advantage  of  such  communion.  At  a  later 
day,  Franklin,  Canton  and  Priestley,  were  intimates,  and  cor- 
responded familiarly. 

The  generation  which  grew  up  during  our  revolutionary  struggle, 
and  af\er  our  independence  was  acknowledged,  naturally  did  not 
succeed  to  these  connecticms  or  friendships.  The  prosecution  of 
mathematics  and  physical  science  was  neglected  ;  indeed  barely  kept 
alive  by  the  calls  for  boundary  and  land  surveys  of  the  more  extended 
class,  by  the  exertions  necessary  in  the  lecture  room,  or  by  isolated 
volunteer  efforts.  As  the  country  was  explored  and  settled,  the  un^ 
worked  mine  of  natural  history  was  laid  open,  and  the  attention  of 
almost  all  the  cultivators  of  science  was  turned  towards  the  develop- 
ment of  its  riches.  Descriptive  natural  history  is  the  pursuit  which 
emphatically  marks  that  period.  As  its  exponent,  may  be  taken  the 
admirable  descriptive  mineralogy  of  Cleveland,  which  seemed  to  fill 
the  measure  of  that  day,  and  be  as  it  were  its  chief  embodimentt 
appearing  just  as  the  era  was  passing  away. 

1  do  not  propose  to  attempt  tracing  the  influences  which  have 
turned  attention  in  America  to  a  wider  and  deeper  pursuit  of  na- 
tural, physical,  and  mathematical  science.  What  we  are  here,  at  any 
time,  lies  more  in  present  circumstances  than  in  past  history ;  and 
we  share  the  general  movement  of  the  time,  without  those  strongly 
conservative  powers  which  in  other  countries  exist  in  institutions  of 
science  and  learning  of  a  past  day.  The  calls  for  mechanical  know-  » 
ledge,  and  for  the  applications  of  physics,  of  mathematics,  and  of 
natural  science,  have,  without  a  doubt,  thrown  us  irresistibly  into 
the  career  which  we  are  now  fi)llowing,  and  which,  in  its  objects, 
aims  and  results,  partakes  of  the  general  direction  of  the  science  of 
the  world.  The  beginning  of  this  movement  was  well  nigh  stifled  by 
empiricism  in  forms,  and  in  a  strength  which  threatened  the  very  life 
of  science.  Emboldened  by  the  absence  of  accredited  tribunals  to 
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try  its  claimSy  it  proffered  boldly  its  pretensions  to  public  notice, 
calling  itself  by  the  respected  name  of  science,  and  to  outward 
seeming  entitled  to  its  use. 

In  a  small  country  town  of  France,  as  the  worshippers  were 
pouring  from  the  cathedral  church,  I  saw  drawn  up  on  the  public 
square  on  which  the  building  fronted,  a  large  barouche,  transformed 
for  the  time  into  a  stage,  from  which  a  man,  in  a  dress  imitating  that 
of  the  court  of  the  last  century,  invited  the  issuing  worshippers  to 
try  his  skill  in  pharmacy,  in  medicine  and  in  surgery,  while  a  trumpet 
sounded  occasionally  appropriate  "  alarums''  to  call  attention  to  the 
master  charlatan.  This  was  the  old-fashioned  character,  hardly  de- 
ceiving any  but  the  most  ignorant,  though,  withal,  exhibiting  a  power 
of  tooth-drawing  such  as  would  have  challenged  admiration  had  it 
been  real.  Our  charlatans  carefully  doffed  the  dress,  and  laid  aside 
the  tools  and  stage,  and  their  trumpet  was  blown  by  the  spectators. 
They  pretended,  nevertheless,  like  him  of  the  village,  to  that  which 
they  did  not  know ;  and  invited,  like  him,  the  examination  of  powers 
which  they  did  not  possess.  Had  this  association  originated  at  that 
time,  they  would  have  usurped  its  seats,  and  outvoted  the  devotees 
of  science  in  the  election  of  its  officers.  This  picture  may  seem 
overcharged ;  but  I  appeal  for  the  essential  truth  of  its  features  to 
the  fears,  which  cannot  yet  be  forgotten,  of  those  who  shrunk  for 
many  years  from  an  organization,  lest  with  the  form  of  science  it 
should  want  its  spirit.  The  strife,  though  not  a  public  and  avowed 
one,  has  not  been  the  less  strenuous  ;  and  if  renewed  from  time  to 
time,  the  ground  gained  by  true  science  is  too  well  occupied  by 
;  defensive  works  to  render  any  new  attack  of  avail.  Our  real  danger 
I  lies  now  from  a  modified  charlatanism,  which  makes  merit  in  one 
i  subject  an  excuse  for  asking  authority  in  others,  or  in  all ;  and,  be- 
\  cause  it  has  made  real  progress  in  one  branch  of  science,  claims  to 
/be  an  arbiter  in  others.  Sometimes  this  authority  is  thrust  on  men 
>  /  who,  not  having  the  force  to  enlighten  those  who  press  them  as  to 
their  real  claims,  injure  the  cause  they  would  fain  promote,  by  being 
too  impressible.  Merit  thus  moulded  assumes  the  form  o£  the  im- 
pressing body.  Whether  the  authority  be  seized  or  accepted,  it  is 
unlawful ;  the  usurpers  wear  the  shoes  and  buckles,  if  not  the  whole 
costume.  This  form  of  pretension  leads  men  to  appeal  to  tribunals 
for  the  decision  of  scientific  questions,  which  are  in  no  way  com- 
petent to  consider  them ;  or  to  appeal  to  the  general  public  voice 
from  the  decbions  of  scientific  men  or  scientific  tribunals,  in  matters 
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which,  as  they  only  are  in  possession  of  the  knowledge  necessary  to 
make  a  right  decision,  so  they  only  can  give  one  which  is  valid.  In 
a  country  where  every  thing  is  free,  and  every  one  may  ohtain  a 
hearing,  notoriety  is  often  dearly  purchaued  hy  the  sacnfice  of  some 
portion  of  real  reputation.  Let  us  firmly  discountenance  the  wearing 
even  of  huckles.  If,  even,  we  would  couut  reputation  hy  votes  alone, 
the  voice  o£ane  man  of  science  is  sure  to  be  followed  by  many  votes 
from  the  genera]  throng. 

The  absence  of  a  minute  subdivision  in  the  pursuit  of  science,  the 
prevalence  of  general  lecturing  on  various  branches,  the  cultivation 
of  the  literature  of  science  rather  than  of  science  itself,  has  produced 
many  of  the  evils  under  which  American  science  has  labored,  and 
which  are  now  passing  away/ You  have  so  much  ground  to  clear, 
said  an  intelligent  foreigner,  that  you  cannot  give  all  your  time  to 
one  garden  spot.  We,  though  still  farmers,  begin  to  garden.  While 
a  general  knowledge  of  various  branches  of  science  is  useful  in  de-  . 
veloping  even  a  single  branch,  it  is  still  certain  that  subdivision  is  | 
essential  to  advancement.  An  Admirable  Crichton  rather  fixes  at* 
tention  on  his  own  perfection,  than  perfects  any  art. 

Lecturing  and  the  pursuit  of  science  have,  with  us,  up  to  this  time, 
been  very  closely  connected.  It  has  been  necessary  to  teach,  and 
generally  to  lecture,  in  order  to  obtain  means  to  pursue  research ; 
and  the  advantage  which  results  from  investigation  is  even  noT\  not 
so  clearly  seen  as  it  ought  to  be  by  those  who  direct  our  institutions : 
they  have  yet,  in  many  cases,  to  leai  n  that  the  real  estimate  of  a 
professor's  services  is  not  always  the  number  of  his  hours  on  the 
college  roster.  Lecturing  is,  of  all  the  arts,  one  of  the  most  easily 
acquired,  at  least  by  our  countrymen  :  it  is  undoubtedly  useful,  and 
most  agreeable,  but  should  not  be  the  object  and  end  of  a  man's 
career.  It  is  not  necessary  to  found  institutions  especially  for  its 
encouragement ;  nor  should  the  power  to  diffuse  science  in  success^ 
ful  courses  of  lectures  be  considered  as  a  substitute  for  exertion  in 
its  advancement.  One  of  the  best  lecturers  in  the  world,  confessedly 
so,  made  as  great  a  failure  in  his  first  attempt  as  there  is  on  record ; 
and  no  one  could  detect  the  germ  of  one  of  our  most  brilliant  lec- 
turers in  the  unpromising  envelope  presented  at  a  first  lecture. 

I  remember  well  the  chilling  effect  produced  upon  me,  when 
young,  by  the  remark  of  one  of  our  leading  literary  men,  applied  to 
a  distinguished  scientific  writer,  that  he  was  not  a  "  mere  dry  man 
of  science."  The  remark  was  intended  for  advice,  and.  I  pondered 
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over  it.  Perhaps  I  did  not  despise  dryness  as  I  ought ;  for  the  ob- 
servation was  drawn  out  by  my  unwillingness  to  undertake  a  notice 
of  the  first  volume  of  Bowditch's  M^canique  Celeste,  some  ten  days 
after  it  appeared.  Delighted  with  the  idea  of  having  the  rich  stores 
of  that  incomparable  volume  placed  within  the  reach  of  a  reader  of 
the  differential  and  integral  calculus,  I  thought  it  profaneness  to 
pretend  to  have  read  it  in  so  brief  a  time.  The  immortal  work  was 
noticed  by  a  more  rapid  reader.  It  was  not  then,  and  is  not  now,  the 
prevailing  fault  of  our  science  to  be  dry ;  nor  is  dimness  one  of  the 
tendencies  of  our  Association.  J  have  sometimes  thought  there  was 
danger  of  the  opposite. 

There  is  nothing  more  marked  in  different  countries  than  the  dif- 
ference in  facility  of  expression.  Nothing  certainly  struck  roe  with 
more  force  than  the  contrast  between  the  happy  fluency  with  which 
the  Irish  men  of  science  brought  out  their  ideas,  and  the  difficulty 
which  marked  the  expression  of  thought  by  their  brethren  on  the 
other  side  of  the  channel.  Some  of  the  most  brilliant  discussions 
which  I  heard  were  in  the  French  Academy,  where  the  absence  of 
dryness  certifies  that  dryness  is  not,  as  in  bitter  reflection  I  may 
have  supposed,  a  test  of  soundness. 

The  world's  philosopher,  Humboldt,  speaks  of  the  **  self  compla- 
cent diffuseness"  of  Aristotle ;  and  if  the  Stagirite  could  show  it  in 
writing,  we  may  well  pardon  it  in  oral  communications.  Manner  is 
sometimes  the  index  of  mental  workings,  but  not  always.  Much  self- 
reliance  may  exist  under  a  modest  exterior,  as  apparent  forwardness 
of  manner  may  coexist  with  a  modest  opinion  of  one's  self.  Let  us 
be  tolerant,  nnless  we  see  the  b4ickles. 

When  the  effort  was  first  made  to  establish  a  general  American 
Association  for  the  promotion  of  science,  it  is  certain  that  it  met  with 
considerable  opposition.  There  were  various  reasons  for  this.  From 
dose  communication  with  many  who  are  now  active  members  of  the 
Association,  I  know  why  this  fear  prevailed  over  their  hopes  of  the 
usefulness  of  such  an  institution.  The  opposition  came  not  more  from 
those  who  were  habitually  conservative,  than  from  those  who,  being 
earnest  in  regard  to  the  progress  of  science,  are  usually  in  favor  of 
all  progressive  measures.  It  proceeded  fi*om  no  under-estimate  of  the 
strength  which  there  was  among  the  cultivators  of  science.  Some  of 
us  had  studied  the  workings  of  the  British  Association,  and  had  been 
convinced  of  the  absolute  necessity  for  the  attendance  there  from 
year  to  year  of  the  men  of  the  universities,  to  give  a  tone  to  the 
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proceedings;  and  were  alarmed,  perhaps,  at  the  forays  into  the 
domain  of  science,  which  had  there  been  witnessed  in  some  of  the 
less  powerful  sections,  and  even  into  the  park  of  Section  A  itselC 
So  far  from  having  been  trained  in  the  same  schools,  we  scarcely 
knew  each  other  personally.  How  could  we  irregulars  venture  into 
conflict,  when  the  files  to  our  right  and  to  our  left  were  strangers  to 
Qs,  and  when  the  cause  might  thus  have  sufiered  from  the  want  of 
discipline  of  its  volunteer  support  ? 

It  was  very  prudently  left  for  the  geologists  to  begin  the  work.  In 
looking  back,  I  see  no  reason  to  regret  that  such  counsels  prevailed. 
The  geological  surveys  making  in  several  States  rendered  meetings 
of  those  engaged  in  them  very  necessary,  for  compsu'ison,  discusiiioni 
systematic  efibrt ;  for  counsel,  aid,  and  mutual  improvement.  A 
classification,  or  the  basis  of  one,  was  to  be  made ;  and  only  by  dis- 
cussion, in  such  a  body,  could  it  be  formed.  In  that  association,  po- 
sitive work  was  the  test  of  consideration  :  to  be  heard,  a  man  must 
have  done  something  ;  and  the  more  he  had  done,  the  more  patiently 
he  was  listened  to.  Thus,  far  deeper,  morally,  than  the  comparative 
depths  which  they  explore,  the  geologists  laid  the  foundation  of  the 
American  Association.  The  naturalists  associated  themselves  with 
the  nucleus  thus  afibrded,  and  the  association  became  one  of  geo- 
logists and  naturalists.  Chemistry  occupied  from  the  beginning  a 
portion  of  the  attention  of  the  Association,  in  its  necessary  con- 
nection with  geology  ;  at  first  a  small,  then  a  more  extended  part 
Meteorology,  which  the  circumstances  of  our  country  have  made 
necessarily  one  of  the  branches  of  physics  most  successfully  pursued 
among  us,  assisted  in  the  further  development ;  and  c^ling  in  the 
votaries  of  general  physics  and  mathematics,  the  association  was 
expanded  to  its  present  dimensions,  and  became  the  American  As- 
sociation for  the  Advancement  of  Science.  May  the  care  thus  taken 
in  gradually  raising  the  edifice  from  a  firm  foundation,  secure  its 
long  duration  ! 

I  propose  now,  though  conscious  that  the  discussion  must  be  a 
very  limited  and  imperfect  one,  to  add  a  remark  to  what  has  already 
been  said  on  the  benefits  of  associations  like  our  own,  to  discuss  the 
special  advantages  of  our  meetings ;  pointing  out,  as  well  as  I  may» 
those  directions  most  likely  to  lead  to  our  object,  and  some  which  I 
think,  however  alluring,  should  not  be  followed.  But  first  a  few 
observations  on  the  ordinary  modes  of  promoting  science ;  in  con- 
nexion with  which,  I  would  throw  out  for  your  consideration  some 
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reasons  which  induce  me  to  believe  that  an  institution  of  science, 
supplementary  to  existing  ones,  is  much  needed  in  our  country,  to  guide 
puHic  action  in  reference  to  scientific  matters. 

One  of  the  modes  apart  from  education,  by  which,  by  common 
consent,  everywhere  science  has  been  promoted,  has  been  by  the 
organization  of  societies  for  holding  meetings,  and  publishing  trans- 
actions and  proceedings.  Local  institutions  of  this  sort  exist  in  all 
parts  of  the  civilized  world,  sometimes  endowed  by  the  government, 
sometimes  by  individuals,  and  sometimes  supported  by  voluntary 
contributions.  To  affirm  that  these  institutions  are  not  useful,  would 
be  to  contradict  universal  experience  :  to  withdraw  our  support  from 
them,  because  they  had  failed  to  do  all  the  good  desirable,  would  be 
Utopian.  The  present  condition  of  science  in  France  is  in  a  great 
degree  due  to  its  Institute,  which  took  the  place  of  a  less  effectively 
organized  body,  when  the  nation  determined  to  be  the  immediate 
patron  of  science.  The  departments  have  their  societies,  and  some, 
as  those  of  Lille  and  Lyons,  with  considerable  vitality.  In  Great 
Britain,  there  is  no  large  town  without  its  philosophical  or  natural 
history  society ;  and  in  all  the  more  important  cities,  there  are  as 
many  societies  as  prominent  departments  of  scientific  research.  In 
London,  the  subdivision  is  still  more  minute,  and  some  branches  have 
more  than  one  association  devoted  to  their  advancement.  Science 
cannot,  in  its  writings  of  research,  appeal  to  the  mass  of  general 
readers  ;  and  must  be  furnished,  by  association  or  endowment,  with 
even  its  means  of  publication.  Applied  science  is  profitable  in  a 
pecuniary  sense;  but  abstract  science,  on  which  the  other  hangs,  is 
not  remunerating.  Yet  how  many  applications  flow  from  one  prin- 
ciple !  The  world  would  gain,  in  a  very  high  ratio,  by  bestowing  its 
rewards  for  principles,  instead  of  for  applications. 

With  us,  two  philosophical  societies  only  have  struck  very  deep 
and  wide  their  roots  :  the  American  Philosophical  Society  of  Phi- 
ladelphia, and  the  American  Academy  of  Boston  ;  and  several  so- 
cieties for  the  encouragement  of  natural  history  have  been  perma- 
nently useful.  Not  one  of  these  associations  is  well  endowed.  For 
our  only  endowed  national  institution  (the  Smithsonian),  we  are 
indebted  to  the  liberality  of  a  foreigner ;  and  had  it  fivefold  its 
present  endowment,  it  would  not  be  able  to  meet  the  actual  demands 
upon  its  funds  for  purposes  embraced  in  what  its  learned  Secretary 
has  classed  as  its  "  active  operations"  for  "the  increase  and  diffusion 
of  knowledge." 
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The  Institute  of  France  gives  its  members  a  moderate  support, 
that  the  country  may  have  the  benefit  of  their  labors.  The  other 
institutions  afford  means  for  the  publication  of  researches,  but  not, 
usually,  for  making  them ;  nor,  except  incidentally  in  the  peraons  of 
their  officers,  do  they  support  their  members.  The  means  furnished 
for  educational  purposes  are  those  generally  which  enable  the  vo- 
taries of  abstract  science  to  live.  Where  there  are  richly  endowed 
universities  and  colleges,  governed  by  the  academic  body  itself,  the 
facilities  thus  afforded  are  so  extended  as  to  require  few  others. 
Where  institutions  depend  mainly  upon  the  fees  of  pupils  for  their 
support,  or,  being  endowed,  are  governed  by  those  who  take  narrow 
views  of  the  labors  of  scientific  men,  the  professors  are  so  loaded 
down  with  labor  that  neither  body  nor  mind  is  capable  of  effective 
research.  How  very  many  there  are  who  want  only  time  and  means 
for  research,  to  advance  those  departments  in  which  they  now  mere- 
ly impart  the  doings  of  others !  Will  not  a  more  healthy  tone  of 
opinion  arise  in  time  on  this  subject,  from  our  intercommunication, 
and  the  candid  expression  of  temperate  and  mature  opinions  ? 

Some  of  our  institutions,  and  prominently  among  them  the  Frank- 
lin Institute  o£  Pennsylvania,  have  furnished  means  for  experiments 
on  important  subjects,  and  enlisted  their  most  zealous  members  in 
researches ;  but  even  here  the  laborers  were  without  hire,  though 
neither  they  nor  their  works  were  deemed  unworthy  of  it.  Some  of 
these  researches  remain  to  this  day  unpublished,  from  the  necessary 
withdrawal  of  the  membei's  to  other  spheres  of  active  exertion  re- 
quiring all  their  time  and  thought ;  and  will,  if  they  have  not  already, 
become  obsolete  by  the  progress  of  the  branches  to  which  they 
belong.  Among  the  obstacles  to  the  progress  of  science  with  us, 
must  be  reckoned,  as  one  of  the  largest,  the  want  of  direct  support 
for  its  cultivators  as  such. 

It  is,  I  believe,  a  common  mistake,  to  associate  the  idea  of  acade- 
mical institutions  with  monarchical  institutions.  We  show  in  this,  as 
in  many  other  things,  the  prejudice  of  our  descent.  We  have  among 
us  the  two  extremes  of  exaggerated  nationality  and  of  excessive 
imitation  :  let  us  modify  each  by  the  other,  and  be  wise.  A  national 
institute  is  not  necessary  to  Great  Britain,  with  her  rich  and  powerful 
universities.  Republican  France  has  cherished  her  Institute,  seeking 
rather  to  extend  than  to  curtail  its  proportions.  One  of  the  most 
ardent  of  republicans  is  its  perpetual  secretary  —  that  setting  sun, 
whose  effulgence  shows  that  it  is  merely  passing  below  the  horizon 
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to  illuminate  another  sphere !  Nor  does  the  idea  of  a  necessary 
connexion  between  centralization  and  an  institution  strike  me  as  a 
valid  one.  Suppose  an  institute  of  which  the  members  belong  in  turn 
to  each  of  our  widely  scattered  States,  working  at  their  places  of 
residence,  and  reporting  their  results ;  meeting  only  at  particular 
times,  and  for  special  purposes ;  engaged  in  researches  self-directed, 
or  desired  by  the  body,  called  for  by  Congress  or  by  the  Executive, 
who  furnish  the  means  for  the  inquiries.  The  detail  of  such  an  or- 
ganization could  be  marked  out  so  as  to  secure  efficiency  without 
centralization,  and  constant  labor  with  its  appropriate  results/  The 
public  treasury  would  be  saved  many  times  the  support  of  such  a 
council,  by  the  sound  advice  which  it  would  give  in  regard  to  the 
various  projects  which  are  constantly  forced  upon  their  notice,  and 
in  regard  to  which  they  are  now  compelled  to  decide  without  the 
knowledge  which  alone  can  ensure  a  wise  conclusion.  The  men  of 
science  who  are  at  the  seat  of  government  either  constantly  or  tem- 
porarily, are  too  much  occupied  in  the  special  work  which  belongs 
to  their  official  occupations,  to  answer  such  a  purpose ;  besides,  the 
additional  responsibility  which,  if  they  were  called  together,  they 
must  necessarily  bear,  would  prove  too  great  a  burthen,  considering 
the  fervid  zeal,  and  I  might  almost  say  fierceness,  with  which  ques- 
tions of  interest  are  pursued,  and  the  very  extraordinary  means 
resorted  to  to  bring  about  a  successful  conclusion.  If  it  were  ad- 
missible that  I  should  go  into  detail  on  this  subject,  I  could  prove 
the  economy  of  a  permanent  consulting  body  like  this.  This  is, 
however,  a  lower  view  than  the  saving  of  character  by  avoiding 
mistakes  and  misdirection  of  public  encouragement,  and  by  loss  of 
opportunity  of  encouraging  that  which  is  really  useful.  I  should 
subject  the  Association  to  some  criticism  if  I  unfolded  this  subject 
specifically,  particularizing  the  errors  here  generally  alluded  to ; 
and  I  abstain,  merely  remarking  that  the  amount  which  would  have 
been  saved  to  one  department  of  the  government  alone,  from  the 
application  of  the  principle  of  the  equality  of  action  and  reaction, 
would  have  supported  such  a  council  for  twenty  years,  including  the 
furnishing  of  means  to  show  experimentally  the  applications  of  the 
principle  to  the  case  in  question.  Not  only  in  new  undertakings 
would  the  advice  of  such  a  body  be  most  important,  but  they  would 
be  .appealed  to  for  information  in  regard  to  existing  ones,  and  would 
prove  most  serviceable  in  advising  in  doubtful  points. 

Our  country  is  making  such  rapid  progress  in  material  improve- 
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ment»  that  it  is  impossible  for  either  the  legislative  or  executive 
departments  of  our  Government  to  avoid  incidentally,  if  not  directly, 
being  involved  in  the  decision  of  such  questions.  Without  specifica- 
tion, it  is  easy  to  see  that  there  are  few  applications  of  science  which 
do  not  bear  on  the  interests  of  commerce  and  navigation,  naval  or 
military  concerns,  the  customs,  the  light-houses,  the  public  lands, 
post-offices  and  post-roads,  either  directly  or  remotely.  If  all  exa- 
mination is  refused,  the  good  is  confounded  with  the  bad,  and  the 
Government  may  lose  a  most  important  advantage.  If  a  decision  is 
lefl  to  influence,  or  to  imperfect  knowledge,  the  worst  consequences 
follow. 

Such  a  body  would  supply  a  place  not  occupied  by  existing  in- 
stitutions, and  which  our  own  is,  from  its  temporary  and  voluntary 
character,  not  able  to  supply. 

Astronomy,  chiefly  at  first  from  its  connection  with  navigation, 
has  been  the  science  which  all  governments,  our  own  inclusive,  have 
selected  to  encourage ;  fostering  thus  one  of  the  highest  branches  of 
theoretical  science,  on  account  of  its  practical  applications.  It  may 
be  truly  said  that  we  know  more  of  the  laws  which  govern  the  mo- 
tions of  the  distant  bodies  of  the  universe,  than  we  do  of  those  which 
regulate  the  constitution  of  bodies  around  us.  Would  not  the  same 
results,  or  assuredly  similar  ones,  flow  from  a  systematic  encourage- 
ment for  a  long  period  of  any  one  branch  of  science  ?  The  experi- 
ment is  certainly  worth  trying. 

If  meteorology  could  be  encouraged  with  a  world-wide  patronage, 
like  astronomy,  what  practical  and  theoretical  results  would  not  be 
derived  ?  The  results  of  even  the  partial  efibrt  made  in  behalf  of 
magnetism  and  meteorology,  is  encouraging  :  brief  as  the  term  has 
been,  the  materials  are  gathered,  or  gathering,  from  which  important 
conclusions  are  daily  derived,  and  which  await  the  master  mind 
to  weave  into  new  "Principia,"  a  new  "M^canique,"  or  a  new 
"  Theoria." 

Every  man  of  genius  seems,  on  setting  out  from  the  mental  level 
where  education  and  circumstances  have  placed  him,  to  be  capable 
of  a  certain  amount  of  efibrt  in  his  ''journey  to  the  stars,"  and  no 
more.  Even  animal  natures  are  educated  to  view  railroads  without 
fright,  first,  and  then  without  emotion,  even  of  curiosity.  No  professor 
of  physics  lives  that  studies  his  pupils,  who  has  not  been  disappointed 
at  some  time,  after  the  elaborate  preparation  of  a  new  experiment, 
to  find  how  coldly  it  was  looked  upon  :  it  was  new  to  him  ;  but  to 
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his  class  all  was  new,  and  the  same  level  included  the  motion  of  a 
needle  by  the  galvanic  current,  and  the  magnetism  of  oxygen.  The 
next  generation  will  start  from  the  level  of  the  steamboat,  the  rail- 
road, the  phototype,  and  the  telegraph. 

It  has  seemed  abroad,  and  with  us  in  the  United  States,  that 
something  more  was  wanting  to  keep  up  the  healing  motion  in  the 
waters  of  science,  than  was  obtained  from  the  existing  institutions 
already  alluded  to ;  that  without  interfering  with  their  useful  labors, 
good  was  to  be  gained  by  bringing  their  members  together  in  one 
general  association,  holding  its  meetings  in  different  places,  in  part 
to  give  facilities  for  attendance  to  different  persons  in  turn,  and  in 
part  to  stimulate  local  exertion  by  the  influence,  so  important  in 
social  as  well  as  chemical  action,  of  presence.  Are  such  associations 
destined  to  an  enduring  existence,  or  are  they  only  to  be  temporary 
in  their  action  ?  Is  their  animation  to  be  life-long,  or  to  be  from  time 
to  time  suspended  ?  If  the  want  which  they  supply  is  temporary, 
they  will  have  spring-time,  summer,  and  winter.  If,  having  fulfilled 
their  end,  they  pass  into  other  forms  of  institutions  better  adapted 
to  the  wants  of  science,  we  will  not  regret  their  longer  or  shorter 
life,  nor  hold  them  less  in  veneration  that  they  died.  The  good  they 
may  do,  cannot  be  lost. 

Separated  by  vast  distances,  scattered  in  larger  or  smaller  com- 
munities, the  daily  avocations  of  men  of  science  in  the  United  States 
keep  us  asunder.  Our  small  numbers  at  any  one  point  produces  all 
the  bad  influences  of  isolation.  We  feel  cut  off*  from  the  world  of 
science,  and  sink  discouraged  On  account  of  the  isolation  ;  or  having 
a  position  in  the  community  about  us,  we  become  content  to  enjoy 
this,  and  forget  that  we  owe  a  duty  to  the  world  outside ;  that  we 
ought  to  increase,  as  well  as  to  diffuse ;  to  labor,  as  well  as  to  enjoy 
the  labor  of  others.  Our  country  asks  for  other  things  from  us.  than 
this ;  and  men  of  science  of  this  day  will,  as  in  times  past,  labor  for 
progress.  We  will  hope  to  have  "  American  methods "  in  the  other 
branches  of  science,  besides  practical  astronomy. 

If  these  associations  have  proved  themselves  of  value  in  other 
countries,  and  have  commanded  the  support  of  all  their  most  active 
and  eminent  men  of  science  so  as  to  continue  their  meetings  year 
after  year,  theret  is  none  where  they  could  have  promised  to  be  so 
important  to  the  interests  of  national  science  as  in  the  United  States. 
Organization  here,  for  good  or  for  evil,  is  the  means  to  the  end. 
While  science  is  without  organization,  it  is  without  power  :  power- 
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less  agaiDSt  its  enemies,  open  or  secret ;  powerless  in  the  bands  of 
false  or  injudicious  friends.  Not  wedded  to  existing  forms,  this 
country  is  alive  to  everything  which  promises  improvement ;  and 
the  public  mind,  in  this  or  that  place,  or  in  the  whole  country,  made 
almost  a  physical  point  by  the  electric  telegraph,  runs  irresistibly  in 
one  course,  the  result  of  wise  or  evil  counsels,  of  knowledge  or  half- 
knowledge.  Honor  to  that  great  statesman  who,  passing  beyond  the 
limits  of  our  political  and  social  institutions,  came  forward  on  our 
national  anniversary  to  direct  the  minds  of  the  people  in  tracing  the 
progress  of  our  country  by  its  education,  its  religion,  its  literature, 
and  its  science! 

Many  of  our  States  are  anxiously  alive  to  the  promotion  of  science, 
both  directly  and  indirectly ;  and  it  is  of  the  greatest  importance, 
that  in  moving,  they  should  go  rightly.  The  legislative  and  executive 
branches  of  our  General  Government  are  called  upon  often  to  decide 
questions  which  belong  rather  to  scientific  than  to  political  tribunals. 
A  timely  recommendation  by  a  scientific  congress  would  frequently 
be  a  relief  from  serious  embarrassment,  and  ensure  the  most  bene- 
ficial results  to  the  progress  of  science.  The  abuse  of  such  power  is 
less  to  be  expected  in  this  than  in  other  bodies,  because  reacting 
immediately  upon  the  body  itself.  Thus  far  no  single  recommendation 
made  by  the  American  Association  has  fallen  powerless  :  they  have 
both  done  positive  good,  and  averted  ppsitive  evil. 

In  looking  at  the  labors  of  associations  like  our  own,  we  naturally 
desire  to  emulate  them  ;  and  the  spirit  of  imitation  is  second  nature. 
We  are  prone  to  think,  that  what  is  well  done,  and  successfully,  by 
others,  we  should  prove  our  ability  to  do ;  and  that  omission  is  a 
confession  of  inability.  On  a  wann  and  sunny  afternoon,  I  saw  the 
company  in  a  railroad  car  prepare  a  shade  before  leaving  the  depot, 
by  raising  the  blinds  on  the  east  side,  because  some  one  who  had  his 
head  turned  set  the  example.  The  value  of  the  example  which  we 
would  emulate  or  imitate,  may  consist  in  the  circumstance — on  the 
side  where  the  sun  is. 

Let  us  take  up  some  of  the  leading  objects  to  which  other  associa- 
tions have  usefully  devoted  their  energies,  and  see  whether  they 
constitute  leading  marks  for  our  course. 

One  of  the  most  useful  fruits  of  associated  scientific  labor  is  in 
making,  directing,  or  furnishing  the  means  and  appliances  for  ex- 
perimental researches.  There  is  a  class  of  experiments  and  observa- 
tions, the  plan  of  which  con  be  laid  out  beforehand,  and  which  it  is 
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eminently  the  province  of  associations  to  undertake.  The  British 
Association  has  distinguished  itself  by  directing  such  through  com- 
mittees, and  considerable  appropriations  have  been  made  for  their 
necessary  expenses.  The  fee  of  membership  in  that  association  is 
large ;  the  number  of  members,  very  large  :  we  cannot  expect  to 
emulate  it  in  our  pecuniary  means.  The  treasury  of  our  Association 
has  been  relieved  by  the  liberality  of  the  city  of  Charleston,  and  of 
the  citizens  of  Cincinnati,  from  the  cost  of  publishing  the  proceedings 
of  the  meetings ;  and  yet  it  is  very  scantily  supplied.  Can  we  collect 
means  for  directing  researches,  unless  from  unlooked-for  individual 
munificence  ?  I  think  not.  Nor  do  I  see  that  working  spirit  in  our 
committees,  which  alone  could  bring  experiments  to  a  successful 
conclusion.  The  Association  disperses ;  the  members  separate,  and 
there  is  no  stimulus  to  apply  to  committees  for  the  half  or  the  whole 
year.  Even  the  physical  constants  we  have  called  for,  have  not  been 
reported. 

•  There  is  one  subject  in  this  connection,  which  I  feel  it  my  duty 
briefly  to  advert  to.  Painful  though  it  be,  it  should  not  be  passed  by. 
I  do  not  see,  on  the  part  of  the  younger  members  of  the  Association, 
that  disposition  which  belongs  to  their  time  of  life,  to  take  the  la- 
boring oar  in  the  details  of  our  own  work,  and  without  which  even 
the  temporary  labors  of  our  meetings  cannot  be  long  borne.  Perhaps, 
from  modesty,  they  shrink  from  the  responsibility.  If  so,  let  them  be 
encouraged  to  do  their  part,  in  confidence  that  the  desire  to  serve 
will  be  fully  appreciated  by  the  Association. 

I  cannot  see  that  experimental  researches,  undertaken  from  its 
funds  and  executed  by  its  committees,  can  successfully  form  part  of 
the  regular  business  of  this  Association. 

These  remarks  I  do  not  at  all  apply  to  cases  where,  means  being 
furnished  by  public  or  private  munificence,  the  question  is  merely  to 
direct  a  plan  of  operations.  Wo  can,  assuredly,  to  advantage,  direct 
the  researches  of  others  by  suggesting  what  it  is  desirable  to  do,  or 
how  it  should  be  done.  If  experiments  on  the  change  of  level  of  our 
coast,  on  the  sediments  of  rivers  and  estuaries  and  the  like,  are 
desired  by  geologists ;  if  special  collections  are  desired  by  our  na- 
turalists, and  there  are  public  works  to  which  these  matters  ap- 
propriately belong,  or  private  individuals  who  desire  to  see  them 
carried  through,  this  Association  is  a  very  proper  body  to  suggest 
the  observations  and  to  furnish  instructions. 

The  standing  committee  of  the  Association,  and  others  organized 
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to  act  during  the  meetings,  have  always  done  much  work.  The 
members  devote  themselves  to  the  Association  sedulously  during  the 
days  of  meeting.  "Why  not  limit  ourselves  generally  to  those  subjects 
and  matters  which  our  committees  can  transact  during  the  period  of 
meeting,  and  why  not  give  time  for  committees  to  deliberate  1  Do 
we  not  press  matters  too  much,  for  the  interest  of  the  Association  1 
After  close  observation,  I  believe  that  we  do.  We  ought  to  allow 
ourselves  time  to  do  well  what  we  undertake. 

The  same  course  of  reasoning  would  lead  me  to  the  same  con- 
clusions in  regard  to  computations  to  be  made  under  the  direction 
of  the  Association ;  another  field  of  usefulness,  which  the  British 
Association  has  fully  entered  into,  attaching  its  name  to  the  most 
extended  and  best  arranged  catalogue  of  the  stars  which  has  yet 
been  published. 

If  we  would  attempt  reports  on  the  progress  of  science  like  those 
which  were  so  perseveringly  and  admirably  kept  up  by  the  illustrious 
Secretary  of  the  Swedish  Academy,  or  like  those  which  have  ema- 
nated from  the  committees  and  members  of  the  British  Association, 
we  are  on  preoccupied  ground,  with  disadvantages  of  position  and 
of  pecuniary  resources.  Not  only  must  we  compete  in  our  own  lan- 
guage abroad,  but  with  an  institution  at  home  ( the  Smithsonian), 
which,  finding  this  field  of  usefulness  untilled  among  us,  has  fully 
entered  upon  it.  This  career  of  usefulness  is,  except  on  special 
occasions,  not  open  to  us. 

The  objects  of  our  Association  are  to  be  considered  as  they  act 
directly  to  increase  the  amount  of  scientific  knowledge,  or  indirectly 
by  the  effect  on  the  associates  who  attend  the  meetings,  or  the  com- 
munities where  they  are  held. 

Without  a  published  record  of  our  doings,  the  effect  of  our  As- 
sociation would  be  limited  to  the  members  who  attended  the  meet- 
ings, and  the  importance  of  publishing  has  been  recognized  in  the 
informal  arrangements  from  year  to  year  in  reference  to  it.  The 
zeal  of  the  local  committees  at  Charleston  and  Cincinnati  not  only 
relieved  the  Association  from  the  expense  of  publishing  the  volumes, 
but  carried  them  rapidly  through  the  press.  To  the  local  secretary 
at  Charleston,  Prof.  Lewis  R.  Gibbes,  and  the  permanent  secretary 
of  the  Association,  Prof  Spencer  F.  Baird,  we  are  indebted  for  the 
promptness  with  which  the  volumes  of  the  Charleston  and  New- 
Haven  meetings  appeared.  When  the  meetings  are  merely  annual, 
there  will  be  time,  it  is  hoped,  to  permit  authors  carefully  to  examine 


Digitized  by 


Google 


Ivi  ADDRESS   OF    THB    PRESIDENT 

the  proofiheets  of  their  papers,  without  which  dispatch  is  gained  at 
the  expense  of  accuracy. 

It  is  hardly  possible  that  the  publication  of  our  proceedings  should 
interfere  with  the  transactions  of  other  learned  societies.  Our  mate- 
rials consist  essentially  of  abstracts  or  of  brief  communications,  of 
accounts  of  researches  often  in  progress,  and  notes  which  dlfier 
entirely  from  the  elaborate  memoirs  appropriate  to  such  transactions. 
The  memoirs  of  learned  societies,  with  us,  have  always  been  pu- 
blbhed  at  considerable  intervals  of  time ;  and  I  am  not  aware  that 
the  intervals  have  been  increased  since  our  organization.  There  is 
unmistakable  evidence  in  the  activity  of  the  American  Journal  of 
Science,  that  we  do  not  interfere  with  it. 

At  our  meetings  have  been  presented  338  communications;  of 
which,  107  have  been  on  subjects  of  physics  and  mathematics,  32 
on  chemistry,  93  on  geology  and  mineralogy,  83  on  natural  history 
in  its  various  branches  (especially  zoology),  and  23  on  miscellaneous 
subjects. 

For  these  publications,  I  am  of  opinion*'  that  we  have  drawn  in 
part  from  material  which  had  accumulated  :  we  have  consumed 
more  than  the  supply  of  the  year  would  furnish,  and  will  at  last, 
when  thrown  upon  the  results  of  a  single  year,  find  our  proceedings 
less  abundantly  supplied  than  hitherto.  Still,  while  our  gatherings 
are  numerous  as  now,  and  similarly  constituted,  there  will  be  in- 
teresting matter  and  to  spare.  Matters  in  progress  will  be  brought 
before  us,  the  full  results  of  which  will  be  published  elsewhere. 

But,  have  any  papers  or  memoirs  been  actually  produced  by  these 
meetings,  which  would  not,  without  them,  have  been  brought  before 
the  public  ?  Of  this  I  entertain  not  the  least  doubt.  Indeed,  I  know 
many  which,  without  the  stimulus  of  preparation  for  these  meetings, 
would  not  have  seen  the  light ;  some,  which,  in  fact,  could  not  ap- 
priately  have  been  brought  forward  elsewhere.  The  desire  to  add  to 
the  interest  of  the  meetings,  has  been  a  powerful  stimulus  to  exertion 
on  the  part  of  many.  This  will  continue,  perhaps,  intermittingly ; 
but,  as  localities  change,  and  new  members  attend  the  meetings,  the 
average  may  remain  nearly  constant.  Papers  have  been  produced, 
which  otherwise  might  not  have  appeared.  We  are  posted  up  to  the 
very  day  of  meeting  in  the  researches  actually  making  in  natural, 
physical,  and  mathematical  science.  At  the  Cambridge  and  New- 
Haven  meetings,  physico-mathematics  had  the  leading  part;  at 
Charleston,  natural  history,  and  especially  zoology ;  at  Cincinnati, 
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geology  and  its  kindred  branches.  Each  meeting  was  characterized 
by  communications  of  a  very  high  order  of  interest ;  each  as  dis- 
tinctly characterized  as  the  part  of  the  country  in  which  it  was  held  ; 
each  one  excellent  in  its  way,  exhibiting  (like  our  union)  unity  in 
diversity. 

For  the  good  effect,  from  our  meetings,  on  local  science,  I  appeal 
unhesitatingly  to  those  who  have  been  with  us  since  the  new  or- 
ganization. We  know  that  such  good  has  resulted.  We  can  point  to 
those  who  have  found  new  motives  to  research  in  attending  our 
meetings.  We  can  point  to  one  institution,  founded  and  endowed  in 
part  through  our  action  on  public  sentiment.  May  we  be  able,  also, 
at  no  distant  day,  to  say  of  another  which  is  an  ornament  to  the  last 
noble  city  where  we  assembled,  that  it  too  has  been  endowed  in 
consequence,  at  least  in  part,  of  our  influence. 

There  are  some  subjects  which  only  an  association  like  this  is 
competent  to  grapple  with  :  the  subject  of  regulating  standards  of 
weights  and  measures,  and  the  scales  of  barometer  and  thermome- 
ter, and  the  prime  meridian,  are  of  this  kind.  There  is  now  no  other 
scientific  body  to  point  out  explorations  desirable  to  be  made  on  land 
or  water,  to  suggest  systems  of  extended  meteorological  observation, 
plans  of  surveys,  geographical,  geological,  or  others. 

Congress,  after  changing  the  money  standard  and  regulating  the 
coinage,  seems  to  have  stopped  short,  and,  after  a  long  agitation  of 
the  subject  of  standard  weights  and  measures,  to  have  left  it  in  very 
weariness.  The  whole  effort  towards  uniformity  has  simply  been  to 
prepare  material  standards  of  a  quality  according  with  the  demands 
of  the  science  of  the  day  :  pounds,  yards,  bushels  and  gallons  con- 
forming to  the  general  average  of  those  in  common  use,  and  derived 
from  England ;  and  putting  aside  innovations  in  the  commonly  re- 
ceived units,  their  multiples  or  sub-multiples.  I  have  been  gratified 
to  see  a  spirit  of  inquiry  on  this  subject  alive  among  the  members  ; 
believing  that  nowhere  oan  essential  changes  or  reforms  in  the  whole 
system  be  more  fiurly  or  powerfully  discussed,  than  here.  An  indivi- 
dual, unless  perhaps  some  leading  legislator,  who  would  propose 
changes  at  this  time  in  our  country  on  this  subject,  would  but  waste 
his  time  and  logic. 

The  Association  determined  in  Cincinnati  to  fix  a  time  for  the 
discussion  of  this  subject  at  the  present  meeting.  Closely  connected 
with  it  is  the  regulation  of  the  various  scales  used  with  instruments, 
which  depend  on  the  unit  of  length  measure,  or  arbitrary  scales.  I 
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hope  to  see  a  time  set  apart  at  this  or  some  subsequent  meeting  for 
the  discussion  of  this  matter,  which  was  partly  opened  at  Cambridge 
by  Prof.  Guyot.  The  world  is  obviously  ripening  for  a  general  set- 
tlement of  these  questions,  and  as  intercommunication  strengthens 
the  advantage  of  one  system  of  measures  and  weights,  and  of  one 
general  prime  meridian,  will  gain  strength  with  it.  A  collection  of 
the  weights  and  measures,  the  barometers  and  thermometers,  and  of 
the  charts  of  navigation  and  nautical  almanacs  of  each  of  the  coun- 
tries represented  at  the  World's  Fair,  would  have  presented  in 
strong  relief  the  necessity  for  something  better  adapted  to  a  world's 
use. 

As  far  as  these  questions  affect  scientific  men  and  science  in  the 
United  States  alone,  they  are  absolutely  within  our  control ;  and  the 
recommendation  of  this  body  would  undoubtedly  lead  to  the  adoption 
by  our  brethren  of  such  standards  of  weight  and  measure,  such 
linear  unit  for  the  scale  of  the  barometer,  and  such  scales  for  the 
thermometer  as  would  be  recommended.  Those  who  use  these  stand- 
ards would  be  the  first  to  become  familiar  with  them  from  actual 
sight  and  use ;  and  I  know  the  great  ease  with  which  one  becomes 
used  to  measures  and  weights,  the  employment  of  which  seems  at 
first  entirely  strange. 

If  ever  we  may  expect  a  combined  series  of  meteorological  ob- 
servations with  exact  instruments  and  observers,  whose  busineis  it 
shall  be  to  make  the  observations,  it  must  be  in  consequence  of  a 
recommendation  of  this  Association.  The  stations  should  be  selected 
so  as  to  furnish' the  best  results  for  climate  and  the  laws  of  storms, 
and  not  left  to  the  determination  of  circumstances  foreign  to  the 
consideration  of  the  object  sought.  If  we  could  once  communicate 
to  New- York  harbor  the  coming  of  a  northeast  storm  in  time  to 
prevent  vessels  from  leaving  it,  the  full  benefit  of  these  researches 
would  come  home  to  the  commercial  community  of  the  country,  and 
means  to  extend  the  observations  would  be  freely  provided. 

The  recommendations  already  made  by  the  Association  have  met 
with  signal  success.  Among  these  I  may  note  the  appropriation  for 
the  publication  of  the  report  of  Prof.  H.  D.  Rogers  on  the  geolo- 
gical survey  of  Pennsylvania,  by  the  legislature  of  that  State  ;  the 
law  for  a  geological  survey  of  Ohio ;  of  the  scientific  explorers 
attached  to  the  Mexican  Boundary  Survey,  under  Commissioner 
Bartlett ;  and  of  the  expeditions  under  charge  of  Lieut.  Maury,  for 
examining  special  questions  connected  with  winds  and  currents. 
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It  has  been  doubted  whether  it  was  expedient  for  the  Association 
to  give  opinions  on  questions  of  science,  and  to  report  on  scientific 
researches.  These  doubts  I  do  not  share,  but  believe,  on  the  con- 
trary, that  if  we  decline  so  to  do,  we  do  not  come  up  to  the  clear ' 
measure  of  our  duty.  Where  the  opinion  of  the  Association  is  sought, 
it  should  fearlessly,  frankly,  but  carefully  be  given.  The  fact  that  the 
researches  are  by  one  of  its  members  will  not  excuse  it  for  avoiding 
the  task.  Instead  of  stating  in  the  approved  formulary  that  it  gives 
no  opinion,  I  would  have  it  guide  opinion  by  forming  its  own  mature 
conclusions,  and  giving  them  where  desired  with  all  the  weight  of 
its  authority. 

Whether  the  Association  should  be  the  arbiter  of  questions  of 
priority  occurring  between  its  members,  is  much  more  doubtful  in 
my  mind.  It  would  be  of  great  value  to  scientific  men  to  have  such 
questions,  which  unhappily  often  arise,  carefully  and  dispassionately 
settled.  When  both  parties  desire  the  arbitrement,  I  think  it  should 
be  assumed,  as  a  less  evil  than  that  of  avoiding  a  decision  where 
the  facts  are  all  presented.  There  is  but  one  other  course  :  rigor- 
ously to  exclude  all  personal  questions ;  in  which  case,  the  Associa- 
tion decides  that  there  is  no  tribunal  for  such,  and  drives  its  mem- 
bers to  appeal  to  the  public. 

At  the  last  annual  meeting,  the  president  of  the  year  before  was 
called  upon  to  prepare  a  code  of  scientific  ethics,  the  result  of  the 
clear  principles  laid  down  upon  this  subject  in  his  address.  Lot  us 
hope  that  he  will  contribute  this  code,  which,  like  reputable  men 
under  the  civil  code,  we  will  endeavor  to  live  without  violating ;  not 
considering  it  a  law  given  to  compel  us  to  right,  but  rather  as  a  line 
far  within  which  we  will  walk. 

In  considering  these  meetings  in  reference  to  the  effect  on  the 
individual  members,  we  might  claim  them  as  a  relaxation  from  se- 
vere labor ;  as  an  agreeable,  intellectual  resort,  to  learn  the  results 
of  the  day,  did  not  our  aims  soar  higher  than  this,  and  extend  to 
substantial  intellectual  benefits  to  others  as  well  as  to  ourselves. 

That  these  meetings  are,  in  the  individual  intercourse  which  they 
bring  about,  intellectually  and  morally  beneficial,  is  most  certain. 
The  intellect  is  excited  by  such  intercourse;  the  heart  is  expanded. 
Freedom  and  frankness  of  discussion,  and  the  interchange  of  views 
and  friendly  criticism,  have  marked  the  meetings.  If  there  have  been 
exceptions,  the  shock  that  was  produced  has  recalled  better  feelings, 
or  better  judgment.  It  is  certainly  true,  that  as  far  as  a  man's  re- 
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searches  and  discoveries  are  comprebensible  in  his  day,  he  receives 
full  credit  for  them,  especially  if  he  ask  little  and  is  patient.  Conten- 
tion about  pnority,  or  contention  at  all,  is  as  a  general  rule  unne- 
cessaiy ;  where  it  becomes  personal,  it  disgusts,  and  reacts  against 
him  who  indulges  in  the  personality.  It  is  difficult  to  avoid  contro- 
versy ;  but,  if  obviously  forced  on  one,  the  defence  finds  itself  strong 
in  sympathy.  We  have  not  been  without  examples  of  the  good  effect 
of  submitting  to  scientific  discussion  and  decision,  pretensions,  the 
reality  of  which  the  author  did  not,  and  could  not  doubt,  but  which 
had  been  doubted  by  others.  What  triumph  greater  than  that  of  our 
Cincinnati  brother,  when  the  committee  of  the  Association  reported 
so  strongly  In  favor  of  the  admirable  method  of  recording  right  as- 
censions and  declinations.  Truth  triumphed  through  his  love  for  it ! 
What  a  triumph  for  American  science,  when  the  "American  method  " 
of  observing  is  adopted  at  Greenwich !  The  contribution,  by  whom- 
soever made,  by  however  many  shared,  is  a  contribution  to  the  glory 
of  the  country.  The  generous  award  of  credit  to  our  country,  by 
this  name,  by  the  illustrious  astronomer  of  Greenwich,  is  not  the 
less  honorable  to  him  than  to  us.  Let  us  show  ourselves  worthy  of 
the  spirit,  by  sinking  all  personal  views  in  a  general  contribution 
to  the  American  method.  If  the  Association  is  worth  any  thing,  it 
should  be  adequate  to  this  result  :  let  it  be  the  test. 

To  our  meetings  each  member  brings  his  contribution  ;  gathered 
from  the  land  or  the  sea,  the  earth,  the  air,  the  heavens,  the  spirit, 
each  one  lays  his  offering  on  the  altar  of  truth.  How  little,  when 
under  the  influence  of  this  spirit,  seem  contentions  for  special  lines 
of  research,  the  interference  in  special  pursuits,  the  covetous  desire 
to  enter  a  particular  path,  and  the  determination  to  jostle  the  votary 
who  is  following  it,  rather  than  not  to  occupy  it  exclusively.  The 
realm  is  boundless  ;  the  paths  are  numerous  :  each  one  is  wide. 

Let  there  be  no  contention,  brother,  between  thee  and  me  !  Let 
there  be  rather  a  generous  and  eager  urging  forward,  each  of  the 
other,  to  the  good  which  we  all  seek.  Warmed  by  the  glow  of  gene- 
rous sympathy,  let  us  find  our  zeal  kept  alive  by  association,  and 
show  that  the  bond  of  scientific  brotherhood  is  worthy  of  christian 
men,  in  a  christian  land,  of  the  faith  which  we  profess  in  time  and  * 
of  our  hope  in  eternity. 
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PROCEEDINGS 


OF   THE 


ALBANY  MEETING,  1851 


connvNicAVioifs. 

A.  MATHEMATICS  AND  PHYSICS. 

I.  MATHEMATIGS. 

1.  On  thb  Relation  between  the  Square  Roots  of  Negative 
Q1JANTITIE89  AND  THE  Principle  of  Perpendioularitt  in 
Geobcetrt.    By  John  Paterson,  of  Albany. 

(1).  MuoH  diflcaasion  baa  been  bold  by  geometers  on  the  value  and 
significance  of  the  poeitiye  and  negative  signs  of  algebra,  and  still 
more  emphatically  on  the  so-called  symbol  of  imaginaiity  derived 
from  the  latter  sign,  and  commonly  expressed  as  the  square  root  of 
a  negative  quantity ;  and  although  it  has  long  been  admitted,  as  a 
mere  result  of  observation,  that  the  product  of  like  signs  is  positive 
and  that  of  unlike  signs  is  negative,  and  m(»re  recently  that  the  sign 
of  imaginarity  coincides  (fortuitously  perhaps)  with  the  principle  of 
perpendicularity,  these  correspondmices  and  agreements  being  suf- 
ficiently well  detauuned  and  safe  for  all  practical  purposes ;  yet  it  is 
still  a  desideratum  with  those  who  desire  the  establishment  of  precise 
definitions  at  the  commencement,  as  weU  as  dear  deductions  in  the 
progress,  of  a  science  confessedly  and  unerringly  accurate  in  all  its 
conclusions,  that  these  accidental  coincidences  and  loose  analogies 
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2  A.  MATHEMATICS   AND   PHYSICS. 

sbould,  as  ftr  as  possible,  be  eliminated,  and  their  place  supplied  by 
consecutive  and  lo^cal  sequences.  In  the  faint  hope  of  contributing 
something  towards  this  desirable  object,  I  have  not  long  since  printed 
a  volume  of  researches  in  the  calculus  of  operations  ;  and  it  is  now 
my  wish  to  present  a  very  brief  account  of  the  first  part  of  those 
researches,  that  is,  so  far  as  they  relate  to  the  interpretation  of  the 
algebraical  signs.  In  undertaking  to  do  this,  I  have  to  apologize 
deeply  for  my  unfortunate  want  of  talent  at  exposition,  and  to  protest 
against  the  notion  of  an  undue  abstruseness  of  subject.  Abstruseness 
and  incoherence  of  manner  is  a  fault  of  my  own  ;  but  I  confidently 
apprehend  that  the  method  by  which  I  interpret  the  elementary 
operations  of  algebra  offers  no  greater  degree  of  abstruseness  or 
far-fetched  abstraction,  than  does  the  beaten  but  inconsequent  path 
hitherto  followed.  It  has  grown  almost  to  be  a  stipulation  of  the  age, 
that  the  writer  whose  sentences  cannot  be  read  as  we  run  shall  not 
be  read  at  all ;  and  in  addition  to  this  drawback,  I  must  yet  en- 
counter the  charge  of  impertinence,  in  attempting  to  controvert  the 
authority  of  a  great  name,  or  it  may  be  said  of  many  gi*eat  names, 
whose  united  or  single  competence  to  fix  irrevocably  the  elements 
«nd  definitions  of  a  science  it  were  madness  to  call  in  question.  Such 
temerity  on  the  part  of  an  obscure  individual  unavoidably  begets  a 
suspicion  of  charlatanry,  which  attenuates  very  materially  his  chance 
of  receiving  a  proper  share  of  candid  attention,  and  thus  retards 
indefinitely  the  progress  of  his  cause. 

(2).  Such,  in  my  own  estimation,  is  the  simplicity  of  the  calculus 
of  operations,  that  its  principles  and  method  need  but  to  be  explained, 
in  order  to  be  understood  and  admitted.  To  use  general  terms  at 
first,  an  operator  performs  an  operation  in  space  and  time,  according 
to  a  law  of  action  and  under  conditions  of  space  previously  assigned ; 
and  the  calculator  must  record  tke  meeuure  both  of  the  remit  and  of 
the  operation  performed.  For  instance,  a  porter  carries  a  given  bur- 
then a  given  distance  in  a  given  time  :  the  value  of  the  burthen  in 
its  new  place  of  deposit  is  the  measure  of  the  result  of  the  operation 
or  labor,  and  the  distance  it  was  carried  is  the  measure  of  the  labor 
or  operation  itself.  As  a  second  example,  two  ships  land  cargoes  of 
equal  weight  and  value  at  the  port  of  New- York,  one  having  tra- 
versed the  ocean  from  Liverpool  in  England,  the  other  from  Canton 
m  China  :  the  measure  of  the  result  is  the  same  for  each,  the  equal 
values  of  the  cargoes  at  their  place  of  delivery ;  but  the  measures  of 
the  operations  which  produced  these  results,  that  is,  of  the  distances 
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which  the  cargoes  were  carried  by  the  ships,  differ  materially,  and 
for  certain  purposes  should  be  recorded  as  forming  an  essential 
consideration  in  the  complete  result.  In  the  algebraical  calculus,  the 
measure  of  the  result  alone  of  the  operation  is  recorded,  that  of  the 
operation  itself  being  generally  overlooked  or  indistinctly  understood. 
It  is  by  taking  note  of  the  existence  and  value  of  this  last  measure, 
in  operations  performed  under  several  different  laws  and  conditions, 
that  I  have  endeavored  to  collect  the  materials  and  principles,  and 
lay  the  foundation  of  a  new  method,  which  falls  under  the  designation 
of  the  calculus  of  operations. 

(3).  I  cannot  remain  under  the  hypothesis  which  regards  the  suc- 
cessive states  of  the  universe  as  happening  by  virtue  of  a  sort  of 
magician's  presto,  whereby  the  same  body  is  made  to  appear  in 
different  places  without  passing  through  the  intervening  space.  The 
poet,  even,  had  some  doubts  as  to  the  propriety  of  annihilating  space 
and  time  :  it  should  be  the  graver  office  of  the  mathematician  to 
watch  that  such  sacrifice  be  not  wantonly  performed ;  for,  without 
the  inviolability  of  the  ineffable  element  of  space,  and  its  eternal 
ccmcomitant  time,  we  are  truly  a  lost  world,  and  truth  can  have  no 
point  of  equilibrium.  Yet  what  does  the  algebraist,  when  he  inquires 
why  the  third  term  of  Taylor's  series  should  be  rejected  beside  the 
second,  but  forget  the  very  simple  fact  that  a  material  body  cannot 
be  in  two  places  at  once  ? 

(4).  I  propose,  then,  to  pass  from  the  counting  of  things,  to  the 
counting  of  actions,  but  of  actions  so  defined  that  they  are  as  ac- 
curately measurable  as  is  any  thing  itself,  and  indeed  by  the  very 
same  operation.  Space,  whose  nature  can  here  be  only  treated  dog- 
matically, is  the  element  of  all  measurement  :  abstracted  from  its 
coeval  element  time,  it  measures  simultaneous  values;  conjoined 
with  time,  it  measures  successive  values.  Space  has  three  dimensions: 
linear,  superficial,  and  solid ;  and  the  two  last  are  algebraically 
expressed  by  well-known  functions  of  the  first.  We  are  thus  referred 
to  the  straight  line  as  the  indispensable  and  sufficient  element  for  the 
admeasurement  of  all  the  things  that  are,  and  of  the  events  that  occur, 
or  the  operations  that  may  be  performed  in  space  and  time. 

(5).  Let  our  operation  consist  of  a  uniform  movement  in  a  plane. 
We  recognize  at  first  two  different  species  of  uniform  movement, 
linear  and  angular ;  and  each  of  these  subdivides  into  two  varieties, 
a  direct  and  an  inverse  liiovement,  accordingly  acb  in  linear  motion, 
we  proceed  from  the  origin  towards  the  right  hand,  or  towards  the 
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left  hand ;  and,  in  angular  or  circular  motion,  from  the  right  hand 
upwardfi  or  downwards  from  the  horizontal  axis.  The  unifonuitj  of 
movement  is  the  law  of  action,  and  the  particular  direction  of  the 
motion  is  the  condition  of  space,  under  which  the  operation  in  a 
given  case  is  to  be  performed. 

(6).  The  first  and  simplest  ibrm  of  mathematical  operation  is  that 
of  addition ;  which,  being  regarded  as  a  direct  operation,  has  of 
course  its  corresponding  inverse,  the  operation  o{  subtraction. 

As  a  familiar  illustration  of  the  operation  of  addition,  let  it  be 
proposed  to  add  together  two  separate  parcels  (7  and  5)  of  material 
things  or  units  of  any  description,  for  instance  ivory  balls  such  as 
are  used  to  exemplify  operations  in  the  calculus  of  probabilities  : 
the  arithmetical  result,  or  sum,  is  12  balls ;  but  by  the  calculus  of 
operations,  in  which  we  are  to  seek  the  measure  of  the  operatioii« 
we  proceed  as  follows  : 

^  ___,  *  At  A  is  a  reservoir  containing  an  indefinitq 
number  of  balls,  and  at  B  is  a  receptacle  contain- 
ing 7  balls,  and  I  am  directed  to  add  5  balls  to  the  7  already  con- 
tained in  B.  It  is  necessary  to  transfer  5  balls  from  A  to  B,  and  the 
distance  AB  (which  may  be  called  one)  is  the  measure  of  the  opera- 
tion. It  is  the  measure  of  the  operation  in  magnitude  or  quantity  ; 
and  if  we  wish  to  record  also  the  quality  of  the  operation,  as  being 
direct,  cumulative  or  positive,  the  direction  in  the  plane  of  the  opera- 
tion, from  A  towards  B,  or  to  the  righthand  of  the  point  A^  may  be 
tenned  the  positive  direction,  and  the  result  written 

(7+5)  balls  =  +12  balls; 

the  symbol  +  denoting  Hie  quality  of  pontivityy  the  geometrical 
signification  of  which  is  a  conventional  direction  in  space.  Observe 
that  the  7  balls  in  B  at  the  beginning  of  the  example  were  similarly 
obtained  by  transfer  from  A,  and  therefore  the  sign  is  correctly  pre- 
fixed to  the  result  (+7+5)  =:  +12,  the  measure  of  the  operation 
being  implied  by  the  sign.  Now  the  labor  of  carrying  12  balls  once 
through  the  distance  AB,  is  in  general  equal  to  that  of  carrying  one 
ball  through  12  times  the  distance  AB ;  that  is,  the  measure  of  die 
opCTation  is  the  same  in  these  two  cases.  However  obtained  or 
generated,  therefore,  the  abstract  number  12  may  be  made  the  co- 
efficient of  any  arbitrary  unit  of  space,  as  for  instance  the  unit  of 
distance,  which  i^,  at  once  the  simplest  and  most  general  form  of  the 
meosure  of  an  operation ;  and  when  our  abstract  number  is  affected 
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with  the  positive  sign,  the  quality  or  direction  of  the  operation  in 
space  is  fixed.  Substituting  general  symbols,  then,  for  the  foregoing 
particular  ones,  I  write  +1  fbr  the  unit  of  positive  direction,  •  for 
the  abstract  number,  1|  for  the  linear  unit  measure  of  the  magnitude 
of  the  operation,  and  1^  fi>r  the  material  unit,  or  unit  operated  upon, 
and  the  complete  concrete  result  of  a  simple  direct  or  positive  ope* 
ration  is  expressed  and  represented  by 

OP  ^      The  number  n  is  there- 


fore transferred  from  arith- 
metic to  the  calculus  of  operations,  by  prefixing  to  it  the  sign  of 
direction,  and  affixing  the  unit  of  distance ;  and  the  number  or  ratio 
•  is  now  regarded  as  generated  by  the  operation  of  transferring  the 
material  unit  1^  from  zero  durough  the  distance  »1|,  in  the  time  nl^, 
(7).  The  operation  inverse  to  the  one  above  considered,  will  con- 
sist in  the  subtraction,  first,  of  5  balls  from  the  12  balls  contained  in 
A  ^     the  receptacle  B ;  and  as  this  operation  is  destruc- 

tive of  the  effect  of  the  addition  of  the  5  balls  to 
the  receptacle  B  from  the  reservou*  A,  it  will  be  correctly  per&rmed 
by  returning  the  5  balls  from  B  to  A,  in  whidi  the  magnitude  or 
quamtUy  of  the  operation  is  the  same  as  before,  and  its  opposition  in 
quality  to  the  operation  of  addition  is  indicated  by  the  opposite 
direction  BA  in  which  it  is  perfisrmed ;  and  thus  opposition  of  di- 
rection in  space  becomes  identified  with  the  symbol  -*  (of  subtrac- 
tion) which  denotes  the  quaUty  of  negativity^  the  result  being  ex- 
pressed by  (+18—5)  balls  =  +1  balls.  A  second  operation  maybe 
the  subtraction  of  the  remuntng  7  baUs,  which  will  be  expressed  by 
(-f  12-5-7)  balls  =  (+7-7)  balls,  or 
(+12—12)  balls  =  0  balls,  the  result  of  the  opera- 
tion. In  the  righthand  member  of  the  last  equation,  the  measures  of 
the  positive  and  negative  operations  are  eliminated  by  mutual  de- 
struction, but  both  are  in  evidence  in  the  lefthand  member.  Recalling 
the  &ct  that  the  operation  of  transfiarring  n  material  units  through 
the  unit  of  distance  is  equivalent  to  the  transfer  of  1  material  unit 
through  •  units  of  distance,  we  may  write  the  equation  thus  : 

+12.1|.l„-12.1,.l^  =  0.1,. V 

P,,  P,       0       P'  P" 
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The  first  term  of  the  leflhand  member  expresses  the  transfer  of  the 
material  unit  1^  from  O  to  P",  where  OP"  =  12xOP'  =  +12.1,; 
and  the  second  term  expresses  the  return  of  1^  from  1?"  to  O,  in 
obedience  to  the  geometrical  signification  of  the  sign  — .  Now  the 
order  of  the  performance  of  these  two  operations  is  indififerent,  and 
the  last  might  be  the  first ;  that  is,  from  the  origin  O,  the  material 
unit  Ipi  may  first  be  transferred  to  V,,  on  the  leflhand  of  O,  where 
OP/,=12xOP/=  — 12.1/,  and  thence  returned  by  the  term  +12.1, 
from  P„  to  O  its  primitive  position,  giving  the  same  result  0 . 1, .  1^ 
as  before.  In  general  symbols,  then,  the  complete  concrete  result  of 
a  simple  inverse  or  negative  operation  is  expressed  and  represented 
by  -l.«.l|.l^  =  OP„xlr 

(8).  The  next  form  of  mathematical  operation  to  be  considered  is 
that  of  multiplication.  Now  when  the  multiplier  is  positive  unity,  the 
operation  is  identical  with  the  performonce  of  one  operation  of  ad- 
dition; and  consequently  if  the  multiplier  be  negative  unity,  the 
operation  must  be  equivalent  to  the  performance  of  one  operation  of 
subtraction  as  above  interpreted.  It  is  a  postulate  in  geometry,  that 
a  straight  line  of  any  length  may  be  drawn  in  any  direction  from  any 
origin.  This  is  an  operation;  and  I  ask  no  more  than  this,  except  the 
permission  to  record  the  line  or  distance  described  as  the  measure  of 
the  operation  of  describing  it.  Then  let  1^  be  the  multiplicand,  and 
multiplication  by  positive  and  by  negative  unity  will  be  respectively 
r       o        T       represented  by  OPxl,i  =  +1.1/. 1,^  and 

OP'xl^=  — l.l/.lpi;  each  ope- 
ration consisting  in  the  separate  transfer  of  the  material  unit  or 
multiplicand  1,^,  from  the  origin  zero  at  O,  through  the  unit  of  dis- 
tance OP  or  OP'  in  the  unit  of  time  1^ 

(9).  I  now  omit  the  sign,  and  proceed  to  investigate  the  results 
and  measures  of  repeated  multiplications  by  positive  unity.  The 
multiplicand  being  always  1^,  let  the  multiplier  be 

Ix  =  OP'  =  P'P"  =  P"P"'  =  P"'P''  =  1/  the  linear  unit, 
and  the  results  will  be 

O  p'  p"  p'«        pi» 


etc. 
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Thus,  by  direct  operation,  the  involution  of  a  linear  unit  to  the  »th 
power  produces  a  linear  unit  equal  in  magnitude  to  n  times  the  unit 
involyed,  or  the  power  is  n  times  the  root  in  magnitude ;  but  as  the 
linear  unit  is  absolutely  indeterminate,  the  result  of  its  involution  is 
always  an  equally  indeterminate  linear  unit,  there  being  no  distinc- 
tive quality  whereby  to  recognize  it;  and  we  consequently  have 
always  the  numerical  equality  1"  =  1,  so  long  as  the  measure  of  the 
operation  is  not  taken  into  the  account.  When  this  measure  is  brought 
in,  we  perceive  that  the  process  consists  in  nothing  more  than  the 
successive  addition  of  units  of  linear  space ;  but  to  the  suggestions 
derived  from  the  contemplation  of  this  simple  process  am  I  indebted 
for  whatever  of  good  or  ill  fbrtune  shall  betide  me  in  these  my  peril- 
ous investigations. 

(10).  From  thb  first  position  in  which  the  operations  of  multiplying 
by  positive  and  negative  unity  agree  entirely  with  the  operations  of 
adding  and  subtracting,  we  must  advance  a  step  to  meet  the  diferet^ce 
which  so  remarkably  distinguishes  the  former  from  the  latter,  and 
yet  preserves  the  harmony  between  them. 

While  linear  extent  has  no  natural  or  fixed  unit,  and  no  limit  but 
infinity,  we  have  an  absolute  geometrical  unit  in  the  sum  of  four  right 
angles,  as  measured  by  the  circumference  of  a  circle ;  a  unity  which 
may  be  repeated,  but  always  with  coincidence.  The  whole  infinity  of 
space  is  included  by  the  four  right  angles  about  a  point  (if  a  plane  is 
alone  the  subject  of  observation)  or  axis  (when  the  three  dimensions 
of  extent  are  regarded)  :  consequently,  the  radius  being  granted, 
any  given  magnitude  of  area  may  be  measured  by  one  operation  of 
revolution ;  and  a  similar  remark  may  be  made  with  respect  to  a 
plane  and  volume. 

(11).  Instead  of  a  linear,  take  now  an  angular  multiplier;  ihe 
angle,  as  customary,  being  measured  by  its  subtending  arc  to  radius 
unity.  It  is  a  postulate  with  Euclid,  that  a  circle  may  be  described  on 
any  centre  and  with  any  radius.  This  is  an  operation;  and  1  demand 
no  more  than  this,  save  the  privilege  of  recording  the  arc  described 
as  the  measure  of  the  operation  of  describing  it ;  while  the  radiusi 
considered  as  revolved  by  the  action  of  the  describing  compasses, 
shall  in  its  final  position  be  regarded  as  the  measure  of  the  result 

Let  the  multiplicand  be  the  radius  OA  =  lr»  loaded  with  the 
material  unit  1^  at  its  extremity  A ;  and  take  first  for  multiplier  the 
entire  circumference,  denoted  by  1^.  The  operation  consists  in  re- 
volving one  limb  of  the  compasses,  the  radius  accompanying,  in  the 
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poaidve  angular  direction  once  about 
the  centre  O,  from  the  position  OA  to 
O  A  again ;  and  this  is  multiplication 
by  an  absolute  geometrical  unit. 

Since  OAxl^  =  h^lpj  one  ope- 
ration produces 

AAxOAxl,i=  lo.l..l^; 

and  continued  repetitions  yield  the 
series  (including  also  the  first  term), 

AAxOAxl,.  :i=  l.-lr-l,., 

AAxOAxln  =  lj.lr-l,i=  lo.lr.l,i» 

AAxOAxl,.  =  i;.l,.l,=  lo.lr-V 

AAxOAxln  =  lj.lr.l^=  lo.lr.liu  etc. 

The  second  column  shows  the  measures  of  the  operations,  and  the 
third  the  measures  of  the  corresponding  results.  If  we  wish  to  mark 
the  primitive  position  of  the  radius  OA  as  being  in  the  positive 
direction,  we  should  write  OA  xl^==+l*lr«l^;  ai^d  as  the  measure 
of  the  result  is  all  that  is  important  to  be  recorded  in  this  case,  and 
may  be  understood  to  imply  the  measure  of  the  operation  by  which 
that  result  is  produced,  the  use  of  one  character  or  sign  is  sufficient, 
and  we  shall  have 

li.lrA^    =    (  +  l)nr.l^=   +1.1^.1,1,    etc. 

The  successive  results  are  identical  in  value,  geometrical,  dynamical, 
and  arithmetical ;  that  is,  we  have  always  (+1)"  =  +1»  or  the  in- 
volution of  absolute  geometrical  unity  does  but  repeat  unity.  Like 
that  of  successive  multiplications  by  linear  unity,  the  present  process 
consists  in  making  the  material  unit  course  uniformly  through  suc- 
cessive units  of  space ;  but,  unlike  the  former  process,  the  units  of 
space  are  superposed  instead  of  juxtaposed,  and  thus  give  1**  s=  1 
in  place  of  1**  =  n,h 

(12).  The  inverse  operation  which  will  correspond  to  divbion  by 
absolute  geometrical  unity,  and  to  tbe  evolution  of  such  unity  when 
the  operation  is  repeated,  will  be  performed  by  revolving  the  radius 


Digitized  by 


Google 


MATHEMATICS.  9 

1^.  1^  =  OAx  Ifi  in  the  negatiye  angular  direction  about  the  centre 
O,  from  the  position  OA  to  OA  again.  If  the  initial  position  OAx  l^ 
be  denoted  by  +l.lr.l,u  the  Buccession  of  results  will  be  : 

OAxlii  =  +l.lr.l„ 
OA 

—  Xl,    =     K'^r.h    =     (  +  l)'*lr.l,  =    +1.1..1,, 

OA 

J^Xl^    =     l^.lr.l,.    =    (+l)'*lr.l,  =r    +1.1..!^ 

OA 

OA  1 

^Xl,.  =  V-lr.!^  =  (+l)*l..l,  =  +1.1,.1„  etc. 

The  second  column  expresses  the  measures  of  the  successive  opera- 
tions in  the  arc  of  revolution ;  for  which  is  substituted,  in  the  third  ' 
column,  the  measures  of  the  results  in  terms  of  the  position  of  the 
radius,  finally  referred  to  their  arithmetical  values  in  the  fourth  co- 
lumn ;  and  thus  positive  unity  has  always  one  root  equal  to  itself,  or 
the  equality  (+1)»^  =  +1  is  explained. 
(13>  In  the  second  place,  let  tlie  angular  multiplying  unit  be  that 
^  -  which  is  measured  by  the  semi- 

circumference.  The  initial  position 
being  OAxl^  as  before,  one  step  of 
the  compasses  will  place  us  in  the 
position  OA'xl|ii  and  the  step  re- 
peated will  restore  0Axl„5  the 
revolution,  as  usual,  being  had  in  the 
positive  angular  direction.  Denotbg 
the  multiplying  unit  arc  AA'  by  1^ 
the  successive  results  win  be  : 

OA  xl^  =  Ul^f 
AA'xOA  xl,  =  OA'xl,  =  Iw.lr.V 
A'AxOA'xl,  =  OA  xl^  =  U.L.V 
AA'xOA  xl,  =  OA'xl,  =  i;.l..lp 
A'AxOA'xlia  =  OA  xl,  =  ll-l..l^  etc. 

Now  when  contrasting  the  operation  of  addition  with  its  inverse 
operation,  subtraction,  we  have  found  their  unit  measures  to  be 


Digitized  by 


Google 


10  A.  aiATHEMATICS    AND   PHYSICS. 

geometrically  represented  (constructed)  by  these  very  lines  OA  and 
OA'  respectively,  drawn  in  opposite  directions  from  the  same  origin 
O ;  that  is  to  say,  starting  from  zero  at  O,  we  have  found  that  in 
multiplying  by  a  positive  linear  unit  we  get  -f  l.lx-ln  =  OAxl^ 
and  similarly  —  l.lx.ln  =  OA'xln  in  multiplying  by  a  negative  . 
linear  unit.  Then  denoting  the  measure  of  the  operation  by  the  same 
character  which  denotes  the  measure  of  the  result^  we  first  convert 
the  preceding  columns  thus  : 

OAxl^  =  +l.lr.V 
l..l,.l,  =  OA'xl.  =  -1.1..!.. 
U.U.I,  =  OAxIk  =  +l.lr.V 

li.lr.l^    =    OA'Xl,i    =     -.l.lr.l,., 

IJ.l^.l,  :=:  OA  Xl^  =   +l.lr.l^f  etc. 

A  cause  is  known  only  by  its  effect  :  we  take  the  measure  of  the 
effect  for  the  measure  of  the  cause,  and  finally  substitute  this  mea- 
sure for  the  cause  itself  The  primitive  position  OAxl|i  is  expressed 
by  +1  .Ir.lpi ;  and  as  multiplication  by  1,  (the  arc  A  A'  being  the 
measure  of  the  cause)  yields  the  position  expressed  by  —  1  .lr.l,a  (the 
radius  OA'  being  the  measure  of  the  eff*ect),  we  substitute  the  mea- 
sure of  the  eff*ect  for  the  measure  of  the  cause ;  and  as  in  the  first 
case  of  angular  multiplication,  when  +1  was  substituted  for  the 
measure  of  the  operation  Iq,  it  stood  for  the  circumference,  while 
as  measure  of  the  result  it  represented  the  position  of  the  radius  in 
OA,  so  now  we  may  substitute  —1  for  the  present  operation  1^  in 
which  case  it  will  stand  for  the  semicircumference,  while  as  measure 
of  the  result  it  represents  the  position  of  the  radius  in  OA'.  We  may 
then  finally  convert  our  columns  thus  : 

OAxl,=  +l.lr.V 
l.(+l)l..l,=(-l)(+l)l,.l,=OA'xl.=  -l.l..l,. 
l.(-l)U.l,=(-l)(-l)l,.l,=OAxl,=  +l-l..l,=(-irir.l,, 
l,(+l)l,.l,:;r(-l)(+l)l,.l,=OA'Xl,=  -l-l..l,=(-l)'l,.l,. 
y-l)U.l,=(-l)(-l)l..l,=OAxl,=  +l.l..l,=(-l)n..l^ 
etc. 

Thus  when  negative  unity  is  involved,  we  get  (— 1)"  =::  -|-1  and 
(—1)"'*'*  =  —  1,  »  being  an  even  number  and  including  0. 

(14).  The  inverse  to  the  preceding  operation  will  be  performed 
by  revolving  by  semicircumferential  steps  in  the  negative  angular 
direction  about  the  centre  O,  which  gives  the  results  : 
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ir*(+i)i..i,=5j-i.. 
i.-^(+i)i,.i,=±l.i,. 
ir^(+i)i..i,=5l.i,. 
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+  1.1^.1„=0A  Xl,», 
=  (+l)'*.l..l^=-l.l..l,=OA'XV 

=  (+l)H.l,.l,=:  +  l.l,.l,=OA  Xl„ 
^=:(+l)*.l,.l^=-l.l,.l^=OA'xV 
={+l)J,l,.l^=+l.l,.l^=OA  Xl„.&c. 


Thus  positive  unity  has  always  negative  unity  for  one  of  its  roots  of 
the  »th  degree,  when  n  is  an  even  number,  not  otherwise. 

(15).  By  comparing  conclusions,  we  find  in  the  preceding  exam- 
ples of  multiplication  by  the  circumference  and  by  the  semicircum- 
ference,  the  demonstration  of  the  proposition  that  the  product  of 
like  signs  is  positive,  and  that  of  unlike  signs  is  negative ;  that  is, 
(+1)(+1)  =  +1  and  (-1)(-1)  =  +1,  bvt  (+1)(-1)  =  -1 
and  (-1)(+1)  =  -1 ;  and  further,  that  (+l)-i-(+l)  r=  +1  and 
(^l)-(-l)=+l,  but  (+1)^(-1)=-1  and  (^l)-(+l)=:-l. 

(15).  As  a  genera]  illustration  of  multiplication  by  positive  and 
negative  unity,  let  me  be  required,  first,  to  multiply  the  number  N 
by  +1.    I  am  asked  to  perform  an  operation,  and  it  is  meet  that  I 
should  record  the  measure  of  that  operation.  In  order  that  iV,  which 
is  an  abstract  number,  may  afford  something  tangible  that  may  be 
operated  upon,  it  must  be  made  the  coefficient  of  some  material  unit 
- 1^ ;  and  the  operation  might  at  first  be  performed  by  carrying  Nl^ 
through  the  distance  OP  =  1/  the  linear  unit,  in  the 
^ ^     positive  direction  ;  since  the  measure  of  the  opera- 
tion would  be  -f  liVl,,  which  expresses  an  operation 
that  is  measured  by  a  unit  of  space.  But  as  the  linear  unit  is  an  in- 
determinate magnitude,  a  more  general,  and  indeed  an  absolute  unit 
of  operation  will  be  performed  by  revolving  Nlt.l^  through  the 
circumference,  the  absolute  unit  of  space ;  in  which  case  the  ex^ 
pression  -f  li\ri,i  implies  the  performance  of  one  revolution,  which 
fulfils  the  condition  of  an  absolute  unit  of  operation  upon  Nl^ ;  and, 
accordingly  as  the  sign  +1  governs  in  the  active  or  the  passive  sense 
(distinguished  as  -f  l.l^  and  -f  1.1|),  it  will  command  such  revolu- 
tion, or  express  its  result 
If  required  to  multiply  iV  by  —  1,  I  am  asked  to  perform  an 
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operation  which  shall  giye  a  negative  result ;  that  is,  a  result  that 
would  eliminate  a  positive  result  equal  to  it  in  magnitude,  by  mutual 
destruction.  Equal  and  directly  opposing  forces  destroy  each  other's 
effects,  but  the  measures  of  the  separate  effect  of  each  force  are  truly 
exhibited  by  two  equal  lines  drawn  in  diametrical  opposition  firom 
the  same  centre.  li^  therefore,  the  measure  of  the  operation  expressed 

by  +l.l/.iVl^  is  truly  represented  by 

.————. .     the  direct  line  OP,  and  I  must  convert 

this  expression  into  —  l.l^.iVl^  (such 
as  would  destroy  the  effect  -f  l.l{.iVl,i),  it  will  be  accomplished  by 
a  unit  of  operation,  by  one  single  factor  which  does  not  change  the 
value  of  its  measure  during  its  action,  by  one  semirevolution  about 
the  centre  O ;  and  now  accordingly  as  ^1  has  its  active  or  passive 
sense  (distinguished  as  — l.lx  and  — 1.1{)»  it  will  command  such 
semirevolution,  or  express  its  result. 

Each  of  the  questions  demands  the  performance  of  a  unit  of 
operation  upon  the  concrete  quantity  Nl^  its  multiplication  by  a 
factor  unity ;  and  each  of  these  demands,  together  with  that  of  the 
mutual  opposition  of  the  quality  of  the  results,  is  fully  satisfied,  and, 
it  is  hoped,  in  a  rational  manner. 

The  common  rule  for  subtraction  in  algebra  directs  the  sign  of 
each  term  in  the  subtrahend  to  be  changed,  and  the  result  to  be 
added  to  the  minuend.  What  is  the  first  clause  of  this,  rule,  other 
than  a  direction  to  revolve  each  term  of  the  subtrahend  through  an 
arc  of  180^,  so  as  to  place  the  whole  in  mechanical  opposition  to  the 
minuend  ? 

(17).  The  third  and  last  form  of  circular  multiplication  to  be  'dis- 
cussed, is  that  in  which  the  right  angle,  expressed  by  the  quadrant 
as  its  measure,  is  adopted  as  the  multiplying  unit.  Denoting  the 
multiplier,  the  arc  AA'  of  90®,  by 
Xg  9  since  the  direct  operations  are 
perfectly  understood  from  what 
has  preceded,  it  is  only  necessary 
to  write  the  steps  and  results  as 
follows  (beginning,  as  in  all  the 
other  cases,  with 

OAxl^  =  +1.1,.1J: 
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+1.1,.!^  =  OAxl^, 
y+l)l..l^  =  OA'Xl^ 

l»(  +  l)l,.l^    =    OA"Xl,    =     ^l.lr.l^ 

U(+l)l,.l,  =  QA'"xl^, 
U(+l)l,.l,  =  OAxln  =  +l-l..l^ 
1J(+1)1..1,  =  OA'xl,  =  y+l)l..V  etc 

The  first  multiplication  places  the  radius  in  the  perpendicular  po- 
sition OA',  in  which,  while  it  has  the  value  unity  in  its  present 
direction,  its  value  is  neutral  (between  positive  and  negative)  or 
zero  in  its  primitive  direction ;  that  is,  the  result  of  the  operation 
has  at  once  the  value  zero  in  the  primitive  direction  (or  on  the  axis 
through  A"A),  and  the  value  unity  in  the  perpendicular  direction 
(or  on  the  axis  through  A'^'A')*.  A  second  multiplication  gives  the 
position  OA",  where  the  result  has  the  value  negative  unity,  or 
<— l.lr  on  the  primitive  axis  A" A.  A  third  multiplication  yields  the 
position  OA'^',  again  neutral  or  zero  on  the  primitive  axis,  but  ne- 
gative with  respect  to  the  first  position  OA'  on  the  perpendicular 
axis  A'" A'.  Finally  the  fourth  multiplication  finds  the  primitive 
position  OA,  expressed  by  +1  -Ir ;  cmd  a  further  continuance  would 
but  repeat  former  results. 

Now  it  has  abundantly  appeared  in  this  our  method  of  successive 
multiplication  by  unity,  that  the  square  of  a  geometrical  unit  (whe- 
ther linear  or  angular)  is  a  (similar)  geometrical  unit  twice  the  mag- 
nitude of  the  root  (or  factor  squared),  the  cube  is  thrice  the  mag- 
nitude of  the  root,  the  biquadrate  is  four  times  its  root,  and  so  on. 
Inversely,  therefore,  the  square  root  of  a  geometrical  unit  is  a  similar 
uni£  of  half  the  magnitude  of  the  unit  submitted  to  evolution,  the 
cube  root  is  one-third  the  magnitude  of  the  original  unit,  the  bi- 
quadrate root  is  one-fowrth  its  original,  and  so  on.  So  that  if  the  pri- 
mitive geometrical  unit  consists  of  four  right  angles,  its  square  root 
will  consist  of  two  right  angles,  and  its  biquadrate  root  of  one  right 
angle  ;  or  if  the  primitive  unit  consists  of  two  right  angles,  its  square, 
root  will  be  one  right  anglet. 

(18).  Having  found  by  direct  process,  when  the  right  angle 


*  This  geometrical  fact  conatitates  the  principle  of  perpendioalarity,  and  is 
of  ci^tal  importance  in  the  calcnhu  of  operationi. 

t  The  appamii  exception  offered  by  the  involntion  and  evolntion  of  the  abao- 
Inte  geometrical  unit,  is  occasioned  by  the  prihoiple  of  saperposition. 
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(denoted  by  1,)  is  the  geometrical  multiplier,  the  result 

llAr.\  =  OA"xl,a  =  -1.1..  V 

where  the  last  term  expresses  the  measure  of  the  result  and  implies 
the  measure  of  the  operation^  we  may  now  apply  the  inverse  process 
to  this  result,  and  obtain 

OA'xl,=(U)n..l,=l..l..l,=(-l)Hl,.l,=+^(-l)l..V 

By  using  the  notation  +  y/(— 1)1^  for  OA',  and  understanding  that 
the  measure  of  the  effect  here  also  at  the  same  time  implies  the 
measure  of  the  operation  or  cause  which  produces  that  effect,  we 
convert  the  last  preceding  columns  as  follows  : 

+1.1..!^  =  OAxl„. 
(+  V-1)  (+1)1..1,=  +  v/(-l)l..l,  =  OA'xl,. 

(+\^-m+l)lr.l.=  (~l)(+l)l..l.=  -l.lr.l.  =  OA"XV 
(+  V-l)'(+l)l..l,=  (+  V-l)(-l)l..l,=  -  \/(-l)lr.l. 

=  OA'"xl^, 

(+^/-l)X+l)l..l,=(+^/-l)(-^/-l)l..l,^+la..l, 

=  OAxl„. 

(+ V-l)n,.l^-+ V(-l)lr.l,  =  OA'XV  etc. 

By  proceeding  from  ihe  primitive  position  OA  in  the  negative 
angular  direction,  we  make  the  results  : 

OAXl„    :=    +l.lr.lv.» 

+^riT)'^-'^^  =  OA'"xi„  =  -V(-i)ir.i.. 

II_yiZ-L:    11     OA^vl     —11     1 

""^       .1,.!^  =     OA'xl^  =  +v/(-l)lr.l,.» 


+  V(-1) 

+  V(-.l) 


1^.1^  =      OAxlji  =  +1.1,..1,„  etc. 


(19).  The  expression  +  ^(— 1),  which  we  have  found  to  be  geo- 
metrically represented  by  the  quadrant  when  it  is  a  multiplier  or  a 
cause  (or  when  understood  in  the  active  sense),  and  by  the  perpen- 
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dicular  radius  unity  when  it  is  a  product  or  an  effect  (or  when  un- 
derstood in  ihepcusive  sense),  is  the  well-known  primitive  biquadrato 
root  of  positive  unity,  or  as  well  the  primitive  square  root  of  nega- 
tive unity,  which  arises  in  analysis  whenever  the  two  factors  of  a 
negative  product  are  sought. 

The  second  blquadrate  root  of  positive  unity  is  -^1,  and  by  direet 

operations  it  yields  the  following  results  : 

• 

(-l)(+l)l,.l,=  -l.l,.l,  =OA"xl,. 
(-l)(-l)U.l,=(-l)»l,.l,=  +  l.l,.l,  =  OAXU, 
(-l)(+l)l,.l,=  (-l)n,.l,==~l.l,.l,  =  OA-Xl,, 
(-l)(-l)l,.l^=(-l)n,.l,=(+l)«U.l,=+l.l,.l,=OA.V  &c. 

So  that  —1  is  really  the  primitive  biquadrate  root  of  (+1)*  the 
square  of  positive  unity. 

The  third  biquadrate  root  of  positive  unity  is  —  V(— l)f  and  is 
represented  geometrically  by  three  right  angles  or  the  arc  fir.  By 
£rect  operations,  its  results  follow  thus  : 

OAxl„=  +1.1..  V 

(- V-l)(+l)l..l^  =  OA'^xl,  =  -^/(^l)l..l„ 
(-\/-l)(-V-l)lr.l^  =  OA"xl„  =  -1.1..  1,, 

(.- V_l)(^l)l^.l^  =  OA'xl,  =  +v/(--l)lr.l,. 
(«^_1)(+ ^-.1)1^.1^=     OAxl^  =  +l.lr.l^  etc. 

In  this  process  it  will  be  observed  that  the  circumference  has  been 
thrice  coursed,  so  that  —  \/(— 1)  is  really  the  primitive  biquadrate 
root  of  (+1)'  the  cube  of  positive  unity. 

(20).  In  the  rightangled  triangle  OMP,  let  POM  =  9  :  then  we 

«      ,  ^         .     OM  n      jPM         .    . 

?      know  the  ratios  r^  r=  cos  9  and  ^  =  sm  0 ; 

whence,  conversely,  the  numerical  values  of  the 
lines  OM  &  PM  are  respectively  OP  X  cos  9  and 
OP  X  sin  9;  that  is,  where  a  line  is  multiplied 
by  the  cosine  or  by  the  sine  of  a  given  angle,  its 
value  is  reduced  to  that  of  its  projection  through 
that  angle  in  the  first  case,  and  through  its  complement  in  the  second 
case.  Then  if  OP  be  unity,  that  is,  OP  =  1„  we  have  OM=cos  9. 1| 
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and  PM  s  sin  0  •  h  in  numerical  value,  or  quantity  ;  and  these  two 
last  mentioned  lines  will  have  their  algebraical  notation,  and  be 
referred  to  the  calculus  of  operations,  by  prefixing  the  appropriate 
signs  of  direction  belonging  to  the  positions  in  which  they  now  stand. 
In  the  circle  on  the  centre 
O,  let  the  radius  OA  =  Ir 
the  linear  unit,  and  the 
angle  POA  =  9  :  then 

OM  =  +l.cos6.1r, 

PM  =  +^(-l)8in9.1, 
and 

in  quantity  and  quality. 

The  multiplicand  1^,  being 
at  O,  the  multiplier  -{-l.cosBAr  brings  it  to  the  point  M,  whence 
it  is  carried  eitiher  to  P  by  the  multiplier  -f-  ^(— l)sinO.  1,^  or  to 
P/  by  the  multiplier  —  ^( — l)8in  0 .  Ir*  In  the  first  case,  the  operation 
expressed  by  (+ 1.  cos  9+ -^^—1.  sin  6)1^.1^1  is  equivalent  to  OP  Xl,if 
or  again  to  APxlr-lt^;  and  in  the  latter  case,  the  operation  ex- 
pressed by  (+l,co89— v^— l.sin9)lr.l|iiB  equivalent  toOP/Xl^ 
or  again  to  APP/  X  Ir*  1^  or  AP/  X  Ir •  l|i*  Then  we  should  have 

(+1.C089+-/— l.sin9)lr  X  (+l.co8  9— -/— l.sin9)lr*l^ 

equal  to  APxPP^Axlr.ln  =  OAxl^,    and 

(+l-co69+>/— 1.8in9)U 

(+l.co89+v/-l-8in9)l/  ^ 

equal  to  APxPAxlr.l^  =  APxAP^xlr-l^  =  OAxV 

Take  OP'  =  OM,  and  PQ,  =  PM  :  the  first,  separately  projected 
through  the  angle  9  and  its  complement,  gives  OM'  ==  co8'9 .  Ir  and 
P'M'  s  COB 9. sin 9. Ir ;  and  the  second,  projected  through  the  com- 
plement of  9,  gives  PN  =  sin*9. 1^. 

Effecting  the  actual  multiplication  of  the  two  factors 

(+1.C0S9+V'— l-«n9)  and  (+l.co89— -/— l.sin9), 

we  get  the  terms 

+  1.co69x  +  1.cob9, 

+  v'— l.cos9.8in9,  —  ^— l.cos9.8in9, 

+  v^— l.sin9x  — -/— l.sin9. 
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1*   +l-co86.1>-  cani«8  l^from  O  to  M,  and  +l.oos9.1r  revolvei 

the  result  through  four  right  angles*  and  reduces  il  to 

OM'  =  +l.cos«e.l^.l|,. 
2*   +y^— l.cosO.sinQ.lr  would  carry  1^  from  M'  to  P',  but  at 
the  same  time  —  y^— l.cosS.sinB.lr  would  carry  it  to  P/  : 
consequently  in  virtue  of  the  two  equal  opposing  factors,  1^ 
'  will  remain  at  M'. 
3*  +  v'— l.sinS.l^  carries  1„  from  M'  to  L  (M'L  x=  MP),  and 
^  ^— 1  .sinS .  Ir  revolves  the  result  through  thrd^  right  angles, 
and  reduces  it  to  M' A  =  PN  =s  +l.sin'6.1r.  V 
Then  OM'+M'A  =  (+l.cos«e+1.8in«e)U  =  +I.U    Thus  is 
effected  the  complete  synthesis  of  the  formula  cos^G  +  sin*9  =  ],, 
which  is  the  numerical  analogue  of  the  forty-seventh  proposition  of 
the  first  book  of  Euclid. 

(21).  The  functions  of  unity, 

+  l.cos9  +  v'— l««n6  and  -f  l.cosO  —  ^— l.sinO, 
whose  synthesis  and  geometrical  construction  are  above  given,  are 
coefficients  refening  the  radius  1^  respectively  to  the  positious  OP 
and  OP/,  forming  the  angles  -f  0  and  —6  with  the  primitive  position 
OA  :  they  are  obtained  by  multiplication,  and  expressed  in  terms  of 
the  primitive  and  perpendicular  axes  and  the  angle  6 1  their  product 
is  absolute  unity,  geometrical,  mechanical,  and  arithmetical;  and 
the  separate  result  or  effect  expressed  by  each  is  identical  with  that 
which  would  be  produced  by  the  multiplication  of  1^.  1^  by  the  cir- 
cular factor  +9  or  —6.  If  then  we  can  find  two  factors  respectively 
equal  to  +9  and  —9,  and  whose  product  shall  at  the  same  time  be 
equal  to  1,  they  will  be  equivalent  to  the  factors 

+  l.cos9  +^— l.sin9  and  +l.cos9  — -/— l.sin9, 
and  may  be  expressed  in  terms  of  the  angle  9  alone.  Now  the  ex- 
ponential functions  c"*"^"**'  and  e"^""**'  (e  being  the  base  of  napierian 
logarithms)  are  two  factors  whose  product  g"*"^"^**  x  e"^'^*^  =  ^  is 
numerical  unity,  and  we  are  to  inquire  if  they  can  be  shown  to  be 
equivalent  respectively  to  -|-9  and  —9  as  co^cients  of  the  radius 
Ir  in  the  positions  OP  and  OP/. 

The  most  general  interpretation  that  can  be  given  of  the  signs 
dby/(— 1),  is  that  they  denote  unit  measures  of  quantities  that  are 
null  on  the  primitive  axis  of  measurement.  Now  angles  and  lines  are 
heterogeneous  elements ;  and  although  they  can  be  so  placed  that 
one  may  be  accepted  as  a  true  measure  of  the  other,  yet  they  are 
really  mutually  ind^eudent,  and  one  fbrms  no  part  or  constituent  at 
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all  of  the  other  :  that  is,  one  is  zero  with  respect  to  die  other.  When 
the  sign  x/('— 1)  ts  a  coefficient  of  a  straight  line,  it  indicates  the 
perpendicular  position  of  that  line  as  the  result  of  an  operation,  and 
consequently  is  ^he  coefficient  of  a  quantity  which  has  its  own  Talue 
in  its  own  sense,  but  is  zero  with  respect  to  the  primitive  axis  of 
measurement ;  but  since  angles  and  lines  are  zero  with  respect  to 
each  other,  and  yet  are  mutually  measurable  by  each  other,  the  sign 
^(—1),  when  made  the  coefficient  of  an  angle  (or  of  the  arc  which 
is  its  measuret),  at  first  does  nothing  more  than  put  in  evidence  the 
native  heterog^eneity  of  the  elements  angle  and  line,  namely,  that  the 
angle  is  nothi  ng  among  lines,  and  vice  versa  :  it  is  the  coefficient  of 
a  primitive  quantity  which  has  its  own  value  in  its  own  sense,  but  is 
zero  with  respect  to  the  linear  axis  of  measurement. 

(22).  W^aen  any  number,  as  e,  is  to  be  involved  geometrically,  it 
must  be  m.ade  the  coefficient  of  a  unit  of  space  ;  and,  by  the  calculus 
of  operati^ons,  the  exponent  of  the  number  becomes  the  coefficient 
of  the  unit  of  space  lx»  the  suffix  x  denoting  that  the  unit  of  space  is 
a  multiplier  and  not  a  multiplicand. 

V  The  general  result  is  e".i;  =  e".9il|  or  e".iil«,  accordingly  as 
the  unit  of  space  is  rectilinear  or  circular.  The  result  e*.iil|  is  equal 
Co  the  line  nit  when  e  is  unity,  and  has  a  determinate  relation  to  that 
quantity  when  e  is  diffisrent  from  unity,  that  is,  a  relation  which  can 
be  found  by  actual  development. 

2^  If  the  exponent  be  db^(— l)9i,  the  involution  of  the  number  e 
will  give  tf*^t~*^»X±v'(—l)*-l';  which,  by  reason  that  dbv^(-.l> 
n  zero  on  the  primitive  axis,  will  be  ^X  0. 1,  equal  to  zero  on  that 
axis;  but  since  :±:^(— 1)  =s  dbl  on  the  perpendicular  axis,  the 
concrete  function  will  have  its  full  value  on  that  axis.  Consequently 
^y(-i)»  haB  no  direct  development  upon  the  primitive  axis,  but  may 
have  an  indirect  one  through  the  perpendicular. 

3°  If  we  take  the  radius  I,.  s=  1{  the  linear  unit,  and  substitute  an 
angle  (by  its  arc  6 1^)  for  the  exponent  »,  this  exponent  0  will  be  a 
number  expressing  how  many  times  the  given  arc  6  U  contains  the 
radius ;  and  the  involution  eM|[  s=  6*.9lr  will  have  a  determinate 
relation  to  0  lr»  to  be  found  by  development,  and  measurable  directly 
upon  the  primitive  axis. 

4®  By  substituting  dby/{^\)B  for  exponent,  nothing  will  be 
changed  in  the  relation  of  the  angle  or  arc  to  the  radius,  the  direc- 
tion merely  from  the  primitive  axis  being  indicated  by  the  double 
sign ;  and  the  involution  becomes  e^^^^'^^  x  :h  y/{-^  1)6  !,«  which  has 
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sbo  a  determinate  relation  to  :i:l .  6  lr>  to  be  found  by  derelopment, 
bat  measurable  directly  upon  the  perpendicular  axis. 

6®  But  tf*^t"*>*  may  also  be  interpreted  as  (tf^^^~*^)';  and  since  we 
may  stipulate  that  the  exponent  shall  always  exp^-ess  number  of  times, 
the  ugn  must  be  held  to  its  real  or  numerical  value  zero  in  the  ex- 
ponent (because  ^ — ^ —  =  0,  just  as  — -''  =  9),  while  its  tma- 

^  '  .  "... 

ginary  or  algebraical  value  perpendicular  unity  remains  in  the  co- 
efficient of  the  multiplying  unit  of  space.  Then  c*^^"*'  =  c^  =  1,  and 
the  in^lution  wiU  be  c*^t-i)»x(±  y/''l)9lr  =  (^yx(±  v^-l)9l. 

=  ix(±v-i)ei, 

=  ±1.91. 

=  OP  and  0P„  since 
the  arc  or  angle  is  not  at  all 
disturbed  by  the  sign  of  ima- 
ginarity,  and  its  direction 
from  the  primitive  axis  is 
indicated  by  the  positive  or 
negative  sign. 

I  say  then  that  just  as 
linear  in- 
+  1.9Uin 


say   then 

im;  =  i.«i, 

volution,  so  does  c+^(-»)»  x  l/^<-»)»  =  1 X  (+  n/-1)9  1. 
circular  involution,  the  arc  equal  to  the  radius  unity  being  the  unit 
of  arc.  Therefore  the  arc  AP,  which  measures  the  angle  POA,  both 
of  which  are  commonly  expressed  by  9,  is  the  measure  of  the  ope- 
ration which  generates  the  exponential  function  e"*"^^"***;  and  con- 
sequently when  the  loaded  radius  OA  X  1,^=1.  •  It^  is  the  multiplicand, 
and  the  above  function  is  the  multiplier,  the  complete  concrete  func- 
tion (the  unit  of  arc  being  always  equal  to  the  radius  unity) 

g+^(-i)»X(+^-l)9l,.l^=+1.9l..l^  =  APxl..l^=*OPxV 
and  similarly 

e-^(-i)ix(-v^-.l)91..1^=-1.9U.l„  =  AFxlr.l,i=OP'xV 
Thus  we  account  for  the  agreement  which  has  been  found  to  subsist 
between  the  functions  e^^<~*''  and  (-f  1.co8  9Tv/— l.sin9);  the 
former  being  expressed  in  terms  of  the  angle  alone,  and  the  latter 
in  terms  of  the  angle  and  the  axes.  The  product  of  each  pair  of 
factors  [  namely.  e^^^^-'^xe"^^-'^'  =  1, 

and      (+l.co89+v^— l.sin9)(+l.cos9— ^— l.sin*)  s=  *]      » 
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equal  to  positive  unity,  and  consequently  returns  lr.l|i  from  eitb^ 
position  OP  X  l|i  or  OP'  X  l|i  to  the  primitive  position 

OAxl,.  =  +l.lr.V 
So  while  the  factor*  (+l.cos9zt  v^— 1.8in9)lr  refer  the  material 
unit  1^  from  O,  through  OM  and  MP  and  MP'  respectively,  to  the 
points  P  and  P';  the  factors  c*^^~*^*.  1^  refer  1^  from  A  respectively 
through  the  arc  AP  or  AP',  to  the  same  points  P  and  P'  :  the  re- 
sults are  the  same,  but  the  operations  are  different. 

(23).  Since  the  double  result  .^-1 . 6  Ir  is  obtained  by  involving  the 
napierian  base  e  to  the  power  db  ^(—1)9,  and  is  equal  to  the  result 
(+l.cos9±  v^— l.sin9)lr>  we  see  the  explanation  of  the  equation 
±V'(-1)8  =log(+l.cos9±v^— l.Bin9). 

As  e+^<-»>M,  =  (+1.C0S9  +  v^-1.8in9)l,  =  OM+MP,     and 

e-^<-»>M,  =  (+1.COS9  -  V-1.8in9)l.  =  OM-MP',  their 

eum  (e+^<-»>»+c-^<-»>»)l^  =  +  2cos9.U  =  ON,  being  the  effect  of 


die  factors  in  the  direction  of  the  primitive  axis. 

To  subtract  the  second  equation  from  the  first,  we  must  first  refisr 
OP'  through  an  angle  of  180°,  thus  : 

-l.<?-^t-»>M,  =  (-l.cos9  +  V-1.8in9)l,  =  OM'+M'P,=OP,; 
then  adding  to  the  first  equation,  we  get 

(g+^(-i)»_c-^(-i)«)l^  =  ^  2  V(-l)sin9.1,  =  ON',  being  the  effect 
of  the  factors  in  the  direction  of  the  perpendicular  axis. 
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Similarly  to  subtract  the  first  equation  from  the  second,  the  first 
step  is 

-l.e+^t-i)».i^-  (_1. cose  --/-l. sin 9)1^=0M'-MT/=0P/; 
and  then  adding, 

(_e+y(-i)»+g-v(-i)s)i^  ^  -2  V(-l)sine.l.  =  ON/, 
being  a  negative  eflTc^ct  on  the  j>erpendicular  axis. 

The  function  r'=^(-»»  is  susceptible  of  two  forms  of  involution, 
accordingly  as  we  operate  with  (c*^^~^)*  or  (e*)=*'^^~*^  :  the  first  me- 
thod gives  the  series  c'*^t"*\  €*'•=*=>/<-»?,  c*'.=ty(-i)^  e^c,  referring  to 
the  angles  ±  ^/(— l)Gle.  ±  -v/(— 1)291,,  ±  \/(— 1)391,,  etc.  as  mea- 
sures of  operation ;  while  the  second  method  gives  c*^^~*^*,  e~**S 
^v(-i)»^  c+i-\  etc.,  and  refers  to  the  lines  ±-v/(— 1)91^,  — l.Slr, 
T\/(— l)9lr>  +1.9lri  etc.  as  measures  of  the  results  of  operation. 
Then  when  9  =  Jir,  we  have,  by  the  first  method, 

^H,r.±v(-i)  1^  =  OA'  or  OA'"  =  ±  \/(-l)lr, 
e'-t^t-iJ.l,    =0A"  =  -l.lr, 

^5.H«)^-i,l^  =  OA'"  or  OA'  =  =p  V(-l)lr» 
«»«-*^t-».l,  =0A  =  +l.lr; 

whence  ijir.  -/(-l)!,  =  log(±  V-l), 

±ltr.V(-l)1.  =  log(-l), 

±3^.V(-1)1,  =  log(Tv/-.l), 

±2tr.V(-l)l.  =  log(+l), 
1,  being  the  arc  equal  to  1,^     And  by  the  second  method, 
e^^i-y)^\l^  =  ±  V-I.JttI,  (1,  being  equal  to  1,). 

^+i.j4«^  1^  =  + 1  'i'f^^tt  the  recorded  results  being  merely  linear. 
The  two  first  logarithms  (of  -f  -^ — 1  and  —1)  were  first  discovered 
by  John  Bernouilli;  and  can  now,  with  many  other  imaginary 
results  equally  curious,  be  interpreted  geometrically. 

(24).  If  in  the  equation  005^^9 +sin'9  =  1  we  write  y  and  x  for 
cosO  and  sin  9,  and  transpose  the  second  term,  we  have 

y«  ^  l^aj-  =  (l+:c)(l-a:). 

Regarding  y  as  the  dependent  and  x  as  the  independent  variable,  it 
18  proposed  to  treat  this  equation  by  the  calculus  of  operations,  Avith 
a  view  to  the  further  elucidation  of  the  properties  of  the  sign  of 
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perpendicularity.  To  this  end»  both  yariables  y  and  x  must  be  refer* 
red  to  the  same  axis  of  measurement ;  but  in  order  that  successiye 
▼alues  of  y  may  be  exhibited  conveniently  and  distinctly,  they  may 
be  traced  parallel  to  the  primitive  axis,  above  that  axis  for  positive 
and  below  for  negative  values  of  x,  all  the  tithe  understanding  that 
the  true  place  is  also  on  the  primitive  axis. 

Let  the  linear  unit  1/  =  Ix  be  equal  to  OA ;  Ix  being  the  linear, 
1^  the  circumferential,  and  1,  the  semicircumferential  unit  multiplier, 
and  1^  always  the  passive  or  material  unit  multiplicand.  We  have, 
then,  O A  =  + 1 .  1|  in  quantity  and  quality. 

!•  When  «  =  0,    y*l,  =  (+l)n,  =  +1.1,,  and 
yl,  =  (+l)Hl,=  ±1.1,5 
that  is,  yli  =  OA  or  OA'. 

2^  When  x  has  increased  to  some  positive  value  less  than  unity, 
let  it  be  2  =  OP,  and  take  the  first  factor  1  -fa;  as  coefficient  to  the 
multiplier  Ix  :  the  steps  of  the  operation  are. 


+  l.lx.l„  =  OAxln  =  +1.1|.I^ 
+  l.ajlx.l„  =  OPxl,»  =  +l.ajl,.V 
Now  this  result  (+l+lx)l,.  1^  is  our  multiplicand,  and  the  fecond 
fector  (I— *x)  ii  Che  coefficient  of  the  new  multiplier,  which  will  be 
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oircular  as  indicated  by  the  signs  +1  and  -*1  :  tke  steps  of  tbe 
operation  are, 

-f  I .  li .  I^+ 1  •^If  •  l|i  =^  mnltiplicatid, 
Iq  and  l^.x      ss  multiplier. 

+  l.lo.a;l|.l,.  =  +l.xli.l^:^qTxl^ 

+  l.l,.ajl,.l,i  5=  -l.ajl,.!^  1=  OP'X  V 

+  l.l..«»l,.l^         =  -l.aj»l,.l^:=OQ'xV 

The  opposing  equal  factors  OP  and  OP'  destroy  each  other's  effects, 
and  the  result  is  y«l,  =  (+1— lx»)l,  =  +0A— OQ  =  +0N. 

Instead  of  the  unequal  factors  (+l+la;)lx=0A+0P=:A'P  and 
(+1— laj)lx=OA— OP=A'P'  which  give  the  result  y«l,  =  ON,  we 
might  demand  two  equal  ones,  that  is,  the  square  root  of 

+0N  =  +1(1-«")1.| 
and  this  will  be  found  by  extracting  the  square  root  both  of  the 
numerical  fiictor  1  —a^  (which  expresses  the  measure  of  the  result 
or  quantity  of  the  operation),  and  of  the  medianical  factor  +1 
(which  measures  the  operation  itself,  or  quality  of  the  result).  Then 
y  li  =  (4.1)H(1-.2')HX^ .  and  if  OM  be  found  equal  to  the  numerical 
square  root  of  ON,  we  haye  y  1/  =  (+1)'».0M.  But  we  know  that 
(+1)^*  has  two  values,  to  wit,  +1  and  —1  {  and  therefore  we  have 
two  different  and  equal  quantities, 

yl,  =  +1.  V(l-x»)l|  =  OM  and 

yl,=  -l.V(l-a^l|  =  OM% 
each  of  which  squared  will  be  equal  to  -f>l(l  — a:^)lf  sz  ON. 

The  true  place  of  both  x  and  y  is  upon  the  primitive  axis  A'A ; 
but  if  on  the  perpendicular  axis  B'B  we  take  OC  equal  to  any  value 
OP  of  a;  whatever  less  than  positive  unity,  and  draw  perpendicularly 
CL  and  CL'  each  equal  to  OM  the  corresponding  value  of  y,  the 
extremities  L  and  L'  will  describe  the  quadrantal  arcs  AB  and  A'B, 
and  OC  and  CL  will  measure  the  effect  of  the  revolving  unit  ra^us 
OL  upon  the  perpendicular  and  primary  axes  respectively. 

3^  If  as  decrease  from  zero  towards  negative  unity,  .we  have  mere- 
ly to  invert  the  order  of  the  factors  into  (1— x)(l+a5)  =  1— «■.  The 
first  factor  being  (+1— la;)!^,  the  steps  are  : 

+1.K.1„  =  OAxl,!  =  +1.1,. l,u 
-l.xl,,.l,,  :^OP'xK^  -l.«li.V     The  multipli^ 


Digitized  by 


Google 


84  A.  HUTHEMATUm  AKB  PHYSICS. 

oand  being  now  {+l'^lx)lt,l^  and  (+1+1^)  the  coefficient  of  tbe 
multiplier,  the  steps  of  the  operation  are  : 

(+l~lx)l,.l^X  (lottndl^). 

+  l.lo.l/.l„     =  +l,l,.l^     =  OAxl,.. 

— l.l^.ajl,.l„  =  — l.ajl,.!^  =  OP'Xl^ 

+  l.lo.«li.l,i  =  +l.ajl/.l,.  =  OPxlja. 

-l.lo.«"l,.l,»=  -l.a?l,.l.,=  OQ'XV 

The  opposing  equal  "factors  OP'  and  OP  destroy  each  other,  and  the 
result  is  y«l,  =  (+1  — Ix*)!,  =  +0A— OQ  =  +ON  as  before.  But 
take  OC  equal  to  any  value  OP'  of  —a:  whatever  less  than  negative 
unity,  and  draw  perpendicularly  C'L,  and  C'L/  each  equal  to  OM 
the  corresponding  value  of  y,  and  the  extremities  L^  and  L/  will 
describe  the  quadrantal  arcs  AB'  and  A'B',  while  OC  and  C'L;  will 
measure  the  effect  of  the  revolving  unit  radius  OL,  upon  the  per- 
pendicular and  primary  axes  respectively. 

4*  Let  X  become  equal  to  imity  :  then  accordingly  as  a;  is  equal 
to  +1  or  —1,  the  result  of  the  first  factor  will  be  (+ l+l)lfly  df 
(+l-l)li-V 

L     (+1+1)1,.!^  X  (lo.andl.). 

+  l.lo.l,.l,»  =  +1.1,.!^  =  OAxl,^ 

+  l.l^.li.l^  =  +1.1,.!^  =  OAXV 

+  l.l..l,.l^  =  -1.1,. !,»  =  OA'XV 

+  l.l,.l,.l^  =  -1.1,. 1^  =  OA'XV 

n.    (+1-1)1,.!^  X  (loandU 
+l.lo.l,.l„  =  +1.1,.!^  =  OAXV 
-l.lo.l,.!,.  =  -1.1,. 1,,  =  OA'xV 
+  l.lo.l,.l,a  =   +1.1,.!^  =  OAXV 
-l.lo.l,.l„  =  -1.1,.  1^  =  OA'XV 

The  opposite  steps  destroy  each  other's  effects,  and  y'l,  =  0.1,,  But 
in  taking  x  perpendicular  to  the  primitive  axis  as  before,  it  becomes 
OB  and  OB'  respectively  for  the  values  +1  and  —1,  and  in  these 
positions  measures  the  full  unit  value  of  the  revolving  radii  OL  and 
OL,.  The  points  L  and  L',  and  L,  and  L/,  which  marked  the  extent 
and  position  of  the  four  values  of  y,  have  merged  by  pairs  into  the 
points  B  and  B',  and  consequently  y  is  zero. 

In  all  the  preceding  cases,  x  and  f/  are  the  absciss  and  ordinate  of 
the  circle,  or  the  sine  and  cosine  of  the  variable  arc  AL  =  6. 
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6*  When  X  has  become  greater  than  positive  tinitj,  let  it  be  eqnid 
to  OP  :  the  first  factor  (+l+laj)lx  gives 


+l,lx.l,a    =  +1.1,.  In    =  OAxln. 
+l.a:lx.l,.=  +l.xl,.ln=  OPxV 

Aad  the  second  factor  (l^ss^-l  and  1,=— 1)  gives 

+l.lo.l,.l,»  =+1.1,.!^  =OAxV 
+l.lo.a;l,.l^=  +l.xl,.l^=  OPxV 
+l.l,.a:l,.V=  — l.xl,.l^=  OP'Xlji, 
+  l.l,.x»li.l^=  — l.x»l,.l^=  OQ'XV 

The  result  is  y«l,  =  (+1— la^)l|  =  +0A— OQ'  =  -ON',  a  nega- 
tive  quantity;  and,  in  fact,  when  a;  >  1,  1 — x^  is  negative.  If  a  be 
the  numerical  value  of  1-^x*  independent  of  sign,  then  1— a^=  — la, 
and  yl,  =  (l-x»)^l,  =  (-l)**.  Va.h.  Now  we  know  that  (-l)H 
has  two  values,  to  wit,  +  i/(— 1)  and  —  \/(— 1).  Therefore  find  the 
line  equal  to  \/a.l„  and  make 

0T=  +yf{--l).V{a)h 
and  OT'  =  — /(-l),  V(a)h,  and  they  will  be  the 

two  values  of  yli,  each  of  which  squared  will  be  equal  to 
-l.al,  =  (l-a^)l,  =  ON'. 
Then  if  we  take  OP  equal  to  any  value  whatever  of  x  greater  than 
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unity,  and  draw  perpendicularly  PL  and  PL'  equal  to  (a^— 1)^1|, 

they  will  be  respectively  (+  V— l)(a^-l)'*l,  and  (—  -/— !)(««— l)**!, ; 
and  the  points  L  and  L'  will  describe  an  equilateral  hyperbola, 
whose  vertex  is  at  A  where  x  ^=  I  and  y  =  0. 

6®  If  X  were  negatively  greater  than  —1,  we  should  use  the  fiuj- 
tors  in  the  order  {1—x)  and  {1+x),  when  we  should  construct  the 
opposite  equilateral  hyperbola  whose  vertex  is  at  A',  where  a;s=— 1 
and  y  =  0. 

T  Now  when  2  >  1,  the  result  (l*a^)l,  is  negative,  and  equal 
to  (aj*— 1)(— 1)1/.  For  instance,  when  a*l,  =  OQ,  we  have  found 
(1— a?)l,  =  -ON',  which  is  evidently  (+0N)(— 1).  Then  if  we 
multiply  (1— a;*)l|  by  —1,  it  becomes  +0N  =  (x*— 1)1„  equal  to 
(arfl)(ar-l)l,;  and  now  by  constructing  yl,  =  ±l(x'— l)**!!  paral- 
lel to  the  primitive  axis,  first  fi)r  the  factors  in  their  present  order, 
and  afterwards  transposed,  we  shall  describe  the  two  opposite  equi- 
lateral hyperbolae  whose  vertices  are  at  B  and  B',  where  y  =  0  and 
X  =  ±  1,  although  the  true  place  of  both  x  and  y  is  on  the  primitive 
axis  A 'A. 

8®  By  operating  with  the  factors  {x+l)!^  and  (:&— l)lxof  die  equa- 
tion (x*— 1)1,  =  y*l/,  we  move  as  follows  [figure  on  next  page]  : 

For  values  of  x  greater  than  +1  and  less  than  ^1,  we  shall  find  y 
to  be  the  ordinates  of  the  two  hyperbolae  whose  vertices  are  B  and  B'; 
but  when  x  b  less  than  +1  and  greater  than  0,  let  it  be  xl,  ss  QP. 

Then  +l.a;lx.lp  =  +l.xl,.l^  =:  OPx  V 

+l.lx.l,»    =  +l.li.l^    =  OAxV 

+l.a;li.l^ +l.l,.lp  =  multiplicand, 
1^  and     1,      ==  multiplier. 

+l.l..a:*l,.l^  =  +I.a^l/.1^«0QXV 

+l.lo.a;l,.l^  =  +l.xl,.l^  =OPxl,.. 

+  l.l,.a;l,.l^  =  -l.ajl,.l„  =OP'Xl,i, 

+l.l..l,.l,^  =-l.l,.l^    =OA'xl,i. 

The  opposing  equal  factors  OP  and  OP'  destroy  each  other's  effeots, 
and  the  result  is 

-OA'+OQ  =  -ON'  =  (-l+.la*)l,  =  (l-aj«)(-l)l,  =  y«l,. 

Then  yl,  =  ±  y/(^l)(l^a?)Ht  =  OM  and  OM',  or  PL  and  PL' ; 
and  if  the  order  of  the  factors  were  (ar-l)lx  and  (x+l)lx,  we  should 
have  precisely  the  tame  result;  but  by  takmg  x  negativ*  and  equal 
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to  OP',  we  shall  get  yl,  =  P'L,  and  P'L/.  Then  giving  to  »  aD 
values  between  ±1  and  0,  the  points  L  and  L',  h,  and  L/,  mil 
describe  the  two  semicircles  BAB'  and  BA'B',  under  the  imaginary 
ordinate  y.  This  ordinate  y  is  the  sine  of  the  variable  arc  AL»  tf 
being  its  cosine ;  and  thus  is  effected  the  transition  from  the  equi- 
lateral hyperbola  to  the  circle. 

(25).  We  began  with  the  equation  a^+y"  =  1,  or  cos'O+sin'G  ^1, 
the  sine  and  cosine  being  of  course  each  less  than  unity ;  and  when 
dS  or  cos 6  becomes  greater  (either  positively  or  negatively)  than 
unity,  since  the  square  of  a  positive  or  negative  quantity  is  alike 
positive,  it  is  also  -greater  than  unity,  and  the  square  of  y  or  sin  8 
must  necessarily  be  taken  negatively  in  order  to  satisfy  the  equation, 
which  now  becomes  (±a;)'+(— y')  =  1,  or  (±co8  6)*+(— sin*G)  =  1, 
that  is,  a^-^  =  1  or  cos'S— sin'G  =  1 ;  or  the  difference  of  the  squares 
of  the  variables  equal  to  unity,  whereas  before  their  sum  equalled 
unity.  In  the  equation  a^+i^^  1,  the  limits  of  a:  and  y  are  0  and  ^1 
for  both,  and  the  sines  and  cosines  appertain  to  the  circle ;  but  in 
the  equation  a^— y"  =  1,  the  limits  of  aj  are  dbl  and  ±00 ,  those  of  y 
being  0  and  ±aD  71»  and  the  sines  and  cosines  appertain  to  the 
hyperbola. 
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Thus  we  see  that  the  transition  of  x  across  unity  necessarily  con- 
verts the  equation  ru'+y'  =  1  into  a^-^  =  1,  in  order  that  the  con- 
dition of  equality  to  unity  may  still  be  satisfied.  Therefore  there  are 
two  alternatives  :  either  y'must  be  multiplied  by  —1  in  the  priginal 
equation  a^+y^=  1  or  y^=  1-^,  which  will  convert  it  into  a;'— y=  1 
or  y*=a:* — 1;  or  else  y  must  be  multiplied  by  -/( — 1)  in  the  de- 
composed equation  (ar^->/— l.y)(a: — >/ — l.y)  =  1  or  y  =  •/(l~aj')f 
which  will  give  the  results 

(«+>/— .ly.N/—l)(a:—>/—l.y.\/—l)  =  {x-!/){x+7j)=a^-y'=h  and 
(yV-l)*  =  l-x\  which  is  y«  =  -lll-x")  -  +l{x^''l). 

(26).  Elevating  the  equations  c'*'^~**=+l.cos6  +\/— l.sinG  and 

g-y-i.i  =  +1 .  cos  6  -V— 1 .  sin  9    to 
the  power  +%/—!,  they  become 

«-!•  =  +1 . cos(\/-l . 9)  +>/— 1 .8in(v^— 1 . 9)  and 
<?+"••  =  +1 .  cos(n/— 1 . 9)  — n/— 1 .  sin(\/— 1 . 9),  by  reason  of  the 
truth  of  Demoivre's  formula 

(cos  9  ±\/— 1  sin  9)"  =  cosn9  ±n/— Isinnfl 
for  all  values  of  n.   But  the  sign  V  —  1  being  nothing  else  but  unity 
with  respect  to  angle  or  arc,  the  righthand  members  of  the  two  last 
equations  are  the  same  as  +l.cos9(\/— 1)  ±>/— l.Bin6(>/— 1) ;  and 
this  again  is  +>/ — l.cos9  Tl.sin9,  from  which  we  obtain  the  pro- 
duct — l.cos'9  — 1.8in'9=  — 1,  that  is,  +l.cos*9+l.sin'9  =  -f-l ; 
and  we  have  also  c-»«Xc+^»=  ±1  =  (+1)**. 
The  double  value  c""'*Xc'*^^**=  ±1  arises  thus  : 
V  The  value  -f-1  arises  from  the  reciprocality  of  the  factors,  as  in 

a" 

all  cases  a"  X  a""  =  -:  =  +!• 
a" 

2^  The  value  — 1  arises  from  geometrical  involution,  by  which 
^^-1.9  ,±^-i..3^^y-i.ix(±x/-l)91i;  and  as  c*^-»-»  =  c^=l 
(because  y/ — 1  =  0,  since  exponents  are  numerical  values  ob- 
tained from  the  primitive  axis),  this  result  is  (dby/ — 1)9 1|  on 
the  perpendicular  axis.  Then  we  have  c'*'^~*'*X<?'"^""*'M/=+l.li 
by  reciprocality,  and  (regarding  91x  as  a  multiplicand) 

^w-i.»xe-^"»-».9l,  =  (+V—l){—V—l)Bh  =  +l.li 
also  by  the  factors  obtained  from  the  involution. 
3*  But  as  wo  have  now  c"*^^"*  =  +*/ — 1  and  c"^""*  =  — •/ — 1,  if 
we  square  the  first  equation  and  bisquare  the  second,  it  will  be 
equivalent  to  multiplying  the  exponents  and   coefficients  by 
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•     +V—1  ==  (— l)"*  ==  (+1)*,  and  gives 

(e+^-i).  ^  e-«  =  i+V—iy  =  —1,  and 
{C^-'Y  =  c+»  =  (— -/— 1)^  =  +1.   Consequently  by  re- 
ciprocality,  c-*-«  X  c"^»* .  1,  =  + 1 . 1, ;  but  by  the  factors  obtained 
from  tbe  involution  (regarding  91x  as  a  multiplicand),  we  get 
^-1.1  ^^+1.1  91^  =  (_l)(-j-l)9l,  ^  — l.eii;  that  is, 

c~*'xc+**  =  ±1,  accordingly  as  the  factors  are  in- 
volved aiithmetically  or  geometiically. 
The  same  result  is  also  deducible  immediately  from  the  coipiparison 
of  the  geometrical  with  the  arithmetical  involution  of  the  factors  of 
the  leflhand  member  of  the  last  equation,  the  first  of  which  gives 
^i.i  lj:i.»  __  e=Fi>xq=l  .91/;  and  now  if  1.91/  represents  two  lines 
upon  the  primitive  axis,  and  may  be  made  the  multiplicand :  whence 
^-Mxe-^i.t.9i,  =  e-»-».(— l)xc+»».(4-l)91,=  lX(— 1)(+1)81, 

=  — 1.91|,  or 
e""^  X  <■*■*••  =  ' — li  while  the  arithmetical  involution  gives 
c-»-*Xe+>-*=+l». 
The  double  factor  +l.co8  9(V — l)ir  •/— l.sin9(i/ — 1),    ex- 
pressed in  co-ordinates,  is  x{  V — 1)  ±:  •/ — 1  .y(  V — l)f  which  gives 
[a:(^/-l)+^/-l  .y(>/-l)] .  [x(v'-l)-v^-l  .y(%/-l)]  =  -^-tf' 

=  -1. 
In  thb  stage  of  the  proceeding,  if  we  multiply  +  -J — l.cosO,  and 
»( V — 1),  by  —  V — 1,  we  convert  the  double  factors 

'\'^/ — l.cos9:^1.8in9  and  x(\/ — l):^l.y 
into  -|-l.cos9:pl.sin9  and  +l.aj:f:l.y, 

and  consequently  the  equations 

— l.cos'9 — 1.8in*9  =  — 1  and  — a"— y  =  — 1 
into       +l.co8«9  — l.sln'9  =  +1  and  -t-x*— y*  =  +1  for  values 
of  cos  9  and  x  greater  than  unity ;  and  for  such  values  of  9,  the 
equation  c~***  X  c"*"***  =  -j"!  ^  ^^^  Xxmq, 

By  this  tour  defmce,  we  have  again  passed  from  the  circle  ex- 
pressed by  a^+y  =  1  or  cos'9-|-sin'9  =  1»  to  the  equilateral  hyper- 
bola expressed  by  x* — y*  =  1  or  cos'9 — sin'9  =  1*;  that  b  to  say, 
from  circular  to  hyperbolical  cosines  and  sines. 


*  It  if  known  that  arithmetical  and  algebraical  development  give  diSereut 
reaalta  in  many  caaei,  bat  inch  that  both  are  true. 
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[  In  the  calculuB  of  potential  functions,  die  foUovring  snbstitadoiis 
•re  made  : 

+Cos9  =  -fcose.  i/~l, 

-fSinB  ==  (— -•— l)sine.  V—l  =  +l8ine,  and 
-•-Sine  =  (+  •— l)8in9.  V — 1  =  —1  sinS  ;  the  two 
last  being  identical,  and  the  first  precisely  equivalent  to  the  product 
(+ V— 1)(— ••— l)co8G  r= +lcose  (See  Peirce's  Treatise  on 
Curves,  Functions  and  Forces,  vol.  ii,  p.  28).  This  method  is  tan- 
tamount to  first  multiplying  both  squares  in  the  original  equation 
aP+y*  =,1  by  — 1,  and  subsequently  — a^  again  by  that  factor, 
making  a^ — y*  =  !•] 

(27).  From  the  researches  in  the  three  preceding  paragraphs*  it 
appears  that  the  two  characteristic  properties  of  the  symbol  -/— 1» 
namely,  its  statical  property  or  passive  signification  (as  effect),  by 
which  it  coincides  with  the  principle  of  perpendicularity  in  being 
zero  or  neutral  upon  the  primitive  axis ;  and  its  dynamical  property 
or  active  signification  (as  cause),  by  which  its  square  produces  ne- 
gative unity,  suffice  to  a  complete  and  logical  interpretation  of  the 
course  of  the  quadratic  equation  y"  =  1— 2^  for  all  positive  and 
negative  values  of  x.  The  alleged  discrepancy  between  the  hyperbola 
and  circle  with  respect  to  the  interpretation  here  contended  for,  is 
now  shown  to  have  no  existence ;  the  imaginary  exponential  is  now 
geometrized ;  the  mystery  about  imaginary  arcs,  it  is  hoped,  is 
cleared  up  ;  and  the  truth  of  the  relation  in  question,  in  all  its  broad 
generality,  is  insisted  on,  and  believed  to  be  firmly  demonstrated. 

(28).  We  may  now  review  the  origin  and  signification  of  the  sign 
V(— !)•  The  question  is,  Given  the  signification  and  origin  of  the 
quantity  —  1 .  l^,  to  find,  first,  that  quantity  which,  when  multiplied 
by  itself  shall  be  equal  to  the  given  quantity  —  1 .  1|,  or,  in  other 
words,  to  find  the  square  root  of  —  1 ;  and,  secondly,  to  determine 
the  true  import  and  value  of  such  square  root.  Observe  that  all  the 
quantities  concerned  are  nothing  but  the  measureis  of  the  results 
of  certain  operations,  and  therefore  we  have  only  to  define  the 
operations  which  will  produce  such  results. 

1^  The  signification  of  the  quantity  —1.1/  is,  that  it  is  the  mea- 
sure of  a  unit  of  effect,  produced  by  a  unit  of  force  of  the  first  order 
in  the  unit  of  time,  and  of  a  negative  quality,  or  such  that  it  would 
cancel,  neutralize,  or  destroy  an  equal  positive  effect :  it  stands  like 
the  measure  of  the  operation  of  subtraction  opposed  to  that  of  addi- 
tion, and  is  geometrically  represented  by  a  linear  unit  drawn  in  the 
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oppoeite  direedon  to  the  linear  uiut  which  measures  one  operation 
of  addition. 

2"  The  quantity  —  1 .  1|  may  originate  in  two  ways  :  first,  by  direct 
negative  transfer  on  the  primitive  axis,  from  zero  through  the  unit 
of  distance,  when  l,i  is  multiplicand  and  —  l.lx  multiplier;  and, 
secondly,  by  semirevolution  of  the  radius  unity,  when  +1 . 1,..  l^  is 
DHiltiplicand  and  —  1 . 1,  =  1,  =  arc  180°  is  multiplier,  which  is  the 
genera]  way. 

3°  To  find  the  quantity  which,  multiplied  by  itself,  shall  produce 
— l.li,  we  have  but  to  proceed  in  accordance  with  the  operation 
which  produced  the  quantity  ^1.1/  itself  As  this  result  was  pro^ 
duced  by  one  uniform  operation  in  the  unit  of  time,  two  equal  ope^ 
rations  in  the  unit  of  time,  each  equal  in  extent  to  half  the  former 
single  one,  will  evidently  reproduce  the  same  result,  and  answer  to 
the  operation  of  squaring,  as  well  as  the  former  did  to  the  operation 
of  multiplying  once;  that  is,  the  multiplicand  being  +]-lr*l|i  &» 
before,  let  the  multiplier  be  1«  =  arc  90°,  whence  by  two  successive 
multiplications  we  get  1«.  1^.1^  and  1*.1,..1,|  =  ^1.1^.1^  so  that 
l..l..l,  =  (-l)'il..V 

4?  The  import  of  the  symbol  -/(—I)  thus  obtained  is  twofold  : 
first,  as  a  coefficient  of  the  unit  radius  when  it  forms  a  right  angle 
with  and  above  the  primitive  axis,  it  indicates  the  perpendicularity 
of  that  radius,  in  which  position  it  has  evidently,  as  the  measure  of 
on  efiect  in  general,  at  the  same  time  the  value  zero  on  the  primitive 
axio  and  the  value  positive  unity  on  the  perpendicular,  which  is  its 
statical  value,  and  signifies  the  result  {+  y/ -r-l,]^,!^)  of  the  first 
multiplication  by  the  quadrant ;  and,  secondly,  as  a  multiplier,  it  is 
equivalent  to  the  right  angle  or  the  arc  of  90°,  which  is  its  dynamical 
value,  and  signifies  that  a  multiplication  by  the  quadrant  is  to  be 
performed;  and  consequently  when  the  multiplicand  is  +  */«— l.Vl^ 
it  produces  the  result  — 1.1^.1  „. 

6^  This  import  of  the  symbol  -/— 1  applies  to  it  when  a  coefficient 
of  a  straight  line.  In  consequ^ence  of  the  heterogeneity  between  an- 
gular and  linear  dimension,  an  angle  has  naturally  a  similar  relation 
to  a  line  that  the  perpendicular  has  to  the  primitive  axis  of  measure- 
ment, namely,  the  relation  of  zero  to  unity,  and  vice  versa.  The  sign 
i  V  — 1  has  the  value  zero,  only  because  as  the  measure  of  a  unit 
of  operation  it  brings  the  line  +1.1/  into  the  position  in  which  it 
becomes  zero  on  the  primitive  axis ;  but  by  any  such  unit  of  opera- 
tion in  a  plane,  as  multiplying  the  angle  or  arc  8  by  db  V— It  that 
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angle  is  not  brought  into  a  position  in  which  it  becomes  zero,  dnce 
it  is  not  and  cannot  be  measured  upon  the  primitive  (or  any  other 
linear)  axis,  but  onij  from  such  axis  as  its  ongin.  Therefore  although 
±  V— 1  may  have  a  value  zero  with  respect  to  lines,  it  does  not 
follow  that  it  must  have  such  value  with  respect  to  arcs  or  angles; 
while  its  fundamental  value  as  the  measure  of  a  unit  operation  ren- 
ders it  available  as  unity,  and  unity  only,  when  a  coefficient  of  an- 
gular dimension  and  of  the  arc  its  measure.  Moreover  in  a  plane 
there  are  two  mutually  perpendicular  directions,  each  of  efficient 
value  in  itself,  but  zero  or  neutral  with  respect  to  the  other,  and 
altogether  subdivisible  into /our  cardinal  directions  opposed  to  each 
other  in  pairs,  corresponding  to  the  four  points  of  the  compass,  and 
appropriately  designated  by  the  four  signs  4-1,  -f  •/  — 1,  —1,  and 
—  V  — 1;  but  there  are  only  ttco  possible  directions  of  angular 
movement  or  operation  in  the  same  plane,  a  direct  or  superior  (po- 
sitive), and  an  inverse  or  inferior  (negative)  :  of  course,  then,  as  it 
respects  angular  direction,  the  signs  ±  •/ — 1  must  merge  into  ±1. 
We  should  have  then  ±'/  — 1.8  =  ±1.8;  but  since  either  the  arc 
equal  to  the  radius  unity,  or  the  radius  unity  itself,  may  be  made  the 
multiplicand  unit  of  space,  and  9  is  an  abstract  number,  we  have 
always  the  double  system  of  values  -f-V — 1.9l|  =  ±1.8 Ig  and 
±  V— 1.81r  =  8(±  -v/— l)lr»  the  former  denoting  an  arc  (Ig  being 
the  unit  arc),  and  the  latter  a  line  8  h  (1,.=1|)  on  the  perpendicular 
axis. 

6"  As  the  coefficient  of  an  exponent,  the  two  values  of  the  symbol 
■/ — 1  have  their  significance  : 

First,  its  arithmetical  value  ±  -v/  — 1  =  0,  deduced  from  the  pri- 
mitive axis,  renders  the  value  a=*=^""*-*  =  a°*  =  1,  which  of  course 
precludes  geometrical  involution,  and  consequently  algebraical  de- 
velopment, because  a'.lj  =  a'.O.l,  =  0 ;  but  it  allows  the  arith- 
metical involution  to  subsist,  a^.li  =z  1.1/. 

Secondly,  its  algebraical  value  ±:  -/—I  =  :t  1  on  the  perpendicu- 
lar axis  renders  the  value 

=  lX±: -v/— rl.aJli  (because,  in 
the  result,  the  expoTient  must  have  its  aritJimetictU  value,  which  is 
zero,  while  the  coefficient  is  algebraical),  and  thus  allows  the  develop- 
ment to  take  place.  Consequently  in  the  function  a*^~S  the  value 
zero  is  an  immediate  value  of  the  exponent  ±  -/ — 1,  which  confines 
the  function  to  its  undeveloped   but  arithmetically  involved  value 
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a®  =  1 ;  while  the  Talue  unity  is  prospective^  under  w)iic£  vakie  the 
development  is  allowed  to  proceed.  When  we  regard  an  exponent 
as  expressing  the  number  of  times  an  operation  is  to  be  performed^ 
it  itiust  be  an  arithmetical  number,  among  which  db  V— 1  =  0 ;  but 
if  the  exponent  express  the  direction  in  space  in  which  the  operation 
is  to  be  performed,  the  symbol  ±  ^/ — 1  necessarily  conserves  its 
general  algebraical  value. 

(29).  We  may  now  say  that  we  have  arrested,  and  even  bottled 
the  shadowy  imp,  the  mystical  symbol  cfimaginarity,  the  impossible 
square  root  of  one  less  than  nothing.  Like  a  notorious  prototype, 
Asmodeus,  our  calculating  imp  performed  many  surprising  and  ac- 
commodating feats  £>r  the  diversion  and  edification  of  his  conjuring 
master;  but  unlike  that  prototype,  his  first  advent  hailed  fronoi  the 
dim  and  distant  fields  of  the  vague  unknown,  and  his  journey  hail 
terminated  where  that  of  Asmodeus  begun.  Long  viewed  as  an '  airy 
nothing,'  he  is  from  this  day  provided  viith  *  a  local  habitation '  — 
names  enow,  I  ween,  have  hitherto  been  his  acknowledged  but  his 
only  dower.  Fluttering  in  the  regions  of  the  twilight  meridian,  his 
haunts  were  closely  beset  by  curious  and  indefatigable  watchers,  by 
some  of  whom  he  had  at  times  been  actually  recognized  upon  his 
perch  ;  but,  anon,  prQSto»  he  appeared  suddenly  in  the  east,  in  tlie 
north,  in  the  west,  and  boxed  the  compass,  or  the  contrary ;  and  it 
was  impossible  to  identify  the  true  law  of  his  being,  or  to  remount 
to  the  source  of  his  birth.  Like  the  sad-voiced  night-bird  of  the 
american  forest,  his  notes  told  only  in  the  obscure  shades  of  the 
evening ;  and  when  looked  upon  under  the  light  of  open  day,  his 
appearance  betrayed  no  intelligible  correspondence  with  his  myste- 
rious function,  which  remained  inscrutable,  and  even  problematical, 
until  all  was  again  plunged  in  the  medium  of  the  chiaroscuro.  Ob- 
serve now  his  double  j  anus-face,  the  fourfold  source  of  that  wondrous 
power  which  enables  him  incontinently  to  bridge  the  gulf  of  nothing- 
ness as  though  it  were  not  there,  then  to  lead  off  alone  the  long  masy 
dance  of  unity  in  all  its  varied  steps,  and  at  last  to  point  his  finger 
(index)  significantly  to  the  primum  locale  of  the  mighty  musician  who 
attunes  the  pythagorean  harmony  of  the  universe  I 

(30).  The  epithet  double  janus-faced  is  applied  to  the  symbol  -/— 1 
in  allusion  to  the  two  systems  of  duplicate  values  which  it  possesses, 
one  system  as  an  algebraical  or  mechanical,  and  the  other  as  an 
arithmetical  or  numerical  coefficient : 
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1®  Ab  a  xnecbanical  coefficient,  it  has,  first,  an  eictive  sense,  as  a 
multiplier  or  cawet  under  which  signification  it  denotes  a  right  angle 
as  measured  by  the  quadrant,  and  directs  a  unit  operation  to  be 
performed ;  and,  secondly,  a  passive  sense,  as  a  product  or  ^ed, 
under  which  signification  it  denotes  the  perpendicular  radius  unitj, 
and  records  that  a  unit  operation  has  hem  performed,  and  is  mear 
sured  by  this  radius. 

2^  As  a  numerical  coefficient,  it  has  at  the  same  time  the  Talue 
zero  on  the  primitive  axis,  and  the  value  unity  on  the  perpendicular 
axis,  and  is  consequently  a  true  coefficient  of  neutrality. 

By  its  active  or  dynamical  property,  it  subjects  the  unit  measure 
of  an  operation  successively  to  the  four  cardinal  qualities  of  positi- 
vity,  positive  neutrality,  negativity,  and  negative  neutrality ;  and 
thereby  enters  into  the  genesis  of  equations  and  construction  of  curves 
as  a  fundamental  and  controlling  element 

But  as  might  have  been  anticipated  from  the  mutual  heterogeneitj 
of  the  three  elements,  line,  angle,  and  number,  these  elements  com- 
port themselves  differently  under  the  performance  of  a  unit  operation ; 
and  accordingly  it  has  been  found,  first,  that  the  straight  line  (under 
the  emblem  of  a  rigid  movable  radius)  is  capable  of  being  placed,  bj 
a  unit  of  operation  expressed  by  ±  -y/^l.  lx>  in  a  position  in  which 
it  has  the  simultaneous  values  zero  and  unity  positive  or  negative ; 
secondly,  that  the  angle  has  no  such  capability,  but  that  a  unit  of 
operation  with  respect  to  a  given  angle  (expressed  by  ±  V— 1.91^) 
can  only  consist  in  the  transfer  of  the  multiplicand  radius  1^  through 
that  angle,  in  the  direction  in  which  it  is  measured  by  its  arc  6 1« ; 
and,  thirdly,  that  a  number  expressed  by±'/~l.iiisa  ratio  sus- 
ceptible of  the  duplex  value  0.»  and  ±^^1,%  proper ;  and  when 
officiating  as  an  exponent,  the  first  value,  being  arithmetical,  governs 
the  undeveloped  function  a"^"^"^-*  =c  a^  =:  1,  and  may  therefore  be 
termed  an  immediate  value;  while  the  general  value  ±V-*1  is 

prospective,  authorises  the  operation  of  geometrical  involution 

a^^-i\l^ss  ±  •/— l-»li»  and  accompanies  the  process  of  algebraical 
development. 

(31).  It  is  concluded  that  the  relation  of  agreement  or  coincidence 
which  is  known  to  exist  between  the  square  root  of  a  negative  quantity 
and  the  perpendicular  radius  of  a  circle  is  not  an  accidental  one,  but 
arises  legitimately  from  principles  and  conditions  which  lie  at  the 
very  foundation  of  the  entire  structure  of  the  science  of  mathematical 
analysis.  All  numbers,  ratios,  or  fimctions  of  x  whatever,  express  or 
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imply  tbe  results  of  operations  performed  in  space  and  time,  and 
indeed  at  first  only  come  into  existence  through  the  performance  of 
such  operations.  The  operation  of  multiplication  may  be  looked  upon 
as  typical  of  all  the  others  :  the  multiplier  may  have  one  of  ttro 
forms,  linear  or  angular ;  and  one  of  two  qualities,  direct  or  inverse^ 
or  some  given  combination  of  these  two  forms  and  qualities*.  So 
long  as  the  unit  measure  of  the  operation  is  fixed  in  quantity,  that  is, 
does  not  change  by  increase  or  decrease  during  the  operation,  we 
remain  in  the  ordinary  algebraical  calculus ;  and  it  is  the  variatioii 
of  this  measure  during  the  actual  performance  of  the  operation  itself 
that  gives  rise  to  the  fluxionary  or  differential  and  integral  calculus. 
When  the  law  of  this  variation  is  assigned,  the  result  in  space  and 
time  may  be  directly  calculated ;  and  in  this  way  the  genesis  of 
functions,  and  indeed  the  entire  subject  of  mathematical  development, 
both  algebraical  and  transcendental  ( be  the  indices  whole  or  frac- 
tional, positive  or  negative,  real  or  imaginary),  have  an  explanation 
in  the  calculus  of  operations,  which  achieves  for  the  coefficients  of 
Taylor's  series  that  office  which  is  performed  by  the  calculus  of 
permutations  for  the  coefficients  of  equations  :  indeed  the  entire 
series  may  be  constructed  upon  the  blackboard,  the  efiect  of  each 
term,  and  of  each  letter  and  sign  in  each  term,  having  its  distinct 
position  in  the  picture.  This  calculus  also  comes  in  for  a  share  of 
application  to  the  theory  of  equations ;  to  the  genesis  and  develop- 
ment of  logarithmic,  circular,  and  elliptic  functions ;  and  applies 


*  Algebraifits  have  uniformly  proceeded  as  though  impreased  with  a  noiioii 
that  products  of  two  and  of  three  factors,  which  of  course  imp]  j  the  square  and 
cube  of  the  linear  unit,  must  necessarily  represent  surfaces  and  solids.  The  prin« 
ciples  and  method  of  the  calculus  of  operations  readily  explain  the  genesis  ef 
surfaces  and  solids  by  the  particular  manner  in  which  the  operations  of  squaring 
ond  cubing  the  linear  unit  are  conducted  (See  Calculus  of  Operationi^  chapter  ii, 
n*  %)f  but  which  is  inapplicable  beyond  the  third  dimension ;  while  at  the  same 
time  it  is  the  distinguishing  characteristic  of  those  principles  and  that  method  to 
explain  the  operation  of  geometrical  involution  in  a  manner  sufficiently  general 
to  apply  to  all  dimensions  inhiteyer.  The  insufficiency  of  the  notion  referred  to, 
ond  the  inconvenience  it  has  occasioned  to  analysts^  appear  abundantly  in  the 
abortive  attempts  hitherto  made  at  the  interpretation  of  quadratic  equations 
whose  righthand  member  remains  negative  after  completing  the  square.  This 
absolute  term,  viewed  as  a  negative  surface,  can  have  no  square  root,  that  is,  no 
single  factor  which,  by  two  operations  under  the  same  law,  can  generate  such 
surface ;  but  when  regarded  (as  it  should  always  be)  in  the  more  general  aspee 
of  a  negative  line,  the  single  factor  and  its  mode  of  operation  are  known. 
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directly,  and  with  immediate  elucidation,  to  the  method  of  tranBrer- 
sals  in  geometry.  But  this  much  will  more  than  amply  suffice  for  the 
announcement  of  pretensions  confessedly  somewhat  extravagant; 
and  fuither  operations  must  now  be  suspended,  until  time  sufficient 
shall  have  elapsed  for  the  formation  of  opinions  as  to  the  validity  <^ 
the  principle  I  have  proposed  to  adopt,  so  far  at  least  as  to  absolve 
die  doubt  whether  the  calculus  of  operations,  in  the  form  in  which  I 
have  attempted  to  present  it,  is  reaUy  entitled  to  the  appellation  of 

A  MBTHOD. 


Prof.  Peirce  regretted  that  the  time  affi)rded  Mr.  Paterson  was 
too  short  to  explain  the  result  of  the  researches  of  so  many  years  of 
intense  study.  This  was  the  first  serious  attempt  to  explain  the  square 
root  of  minus  unity  by  perpendicularity.  It  was  indeed  a  sublime 
attempt,  which  would  eventually  bear  fruit  of  the  most  precious  kind 
to  all  who  were  interested  in  tracing  the  effects  which  occur  in  the 
universe  to  those  true  laws  by  which  thay  were  governed.  He  could 
not  say  enough  in  commendation  of  the  result  which  the  researches 
of  Mr.  P.  had  led  him  to,  and  he  regretted  that  the  time  of  the 
Section  was  so  limited. 


2.  On  a  Problem  in  the  Doctrine  op  Chances.    By  Professor 

B.  Peirce. 

[Not  r^eived,] 


n.  MECHANICS. 


3.  On  the  Proper  Measure  op  MECHAracAL  Force.    By  Prof. 
J.  H.  Coffin,  of  Lafayette  College,  Pa. 

At  our  meeting  in  Philadelphia  three  years  ago,  some  views  were 
advanced  in  regard  to  the  proper  measure  of  the  force  of  bodies  in 
motion,  which  were  admitted  to  be  at  variance  with  the  received 
opinions  of  philosophers  on  the  subject,  but  which  were  claimed  to 
be  both  correct  philosophically,  and  in  accordance  with  the  expe- 
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rience  of  practical  men.  It  was  stated  by  the  distinguished  professor 
who  advocated  those  views,  that  if  a  globule  of  mercury  were  let  fall 
upon  the  platform  upon  which  he  was  standing,  the  force  with  wluch 
it  would  strike  the  platform  would  be  proportional,  not  to  its  velocity 
simply,  as  had  been  usually  supposed  and  maintained,  but  to  the 
square  of  its  velocity ;  and  that  this  was  the  general  law  in  regard 
to  the  force  of  moving  bodies,  viz.  that  it  varied  as  the  square  of  the 
velocity. 

The  same  doctrine  was  repeated  substantially  at  our  last  meeting 
in  New-Haven,  limited,  perhaps,  however  (for  I  am  not  certain),  to 
what  was  denominated  its  '  working  power ; '  that  is,  the  product  of 
the  space  into  the  mass.  It  was  said,  in  illustration,  that  the  force  of 
a  ball  shot  through  a  series  of  parallel  homogeneous  plates  would 
be  properly  measured  by  the  number  of  plates  perforated,  and  that 
this  was  shown  by  experiment  to  be  proportional  to  the  square  of 
the  velocity  of  the  ball. 

Now  in  relation  to  the  remarks  at  the  Philadelphia  meeting,  it  ia 
surely  not  to  the  credit  of  science,  to  be  obliged  to  have  recourse  to 
the  judgment  of  mere  practical  men,  for  the  determination  of  a 
question  so  clearly  within  its  own  province  ;  and  meeting  together, 
as  we  profess  to  do,  in  search  of  truth,  I  feel  assured  that  it  will  not 
be  considered  discourteous  in  me,  if  I  take  conservative  ground,  and 
call  in  question  the  correctness  of  the  alleged  law,  and  the  propriety 
of  the  measure  of  force  from  which  it  has  been  deduced,  or  at  least 
state  what  I  conceive  to  be  objections  to  it. 

The  question,  it  is  well  known,  is  not  new.  It  was  debated  ear- 
nestly, and  (as  I  have  always  supposed)  settled  by  the  philosophers 
of  Europe  more  than  a  century  ago.  In  that  discussion,  those  who 
advocated  the  doctrine  that  the  force  varied  as  the  square  of  the 
velocity  appealed  to  experiments  such  as  the  following.  Spheres  of 
equal  magnitude,  but  of  different  weights,  being  let  fall  into  some 
soft  plastic  substance  (as  tallow  or  wax),  from  heights  that  were  in- 
versely as  those  weights,  made  pits  of  equal  depths  in  that  substance. 
In  this  case,  it  is  evidenX  that  the  product  of  the  weights  of  the  balls 
into  the  squares  of  their  respective  velocities  were  equal ;  and  as 
the  depths  of  the  pits  were  equal,  it  was  inferred  that  the  forces  ytere 
likewise  equal.  Again,  four  similar  elastic  springs  will  impel  a  body 
with  only  double  the  velocity  that  a  single  one  will  do  ;  nine,  with 
three  times,  etc. :  i.  e.  the  force  (represented  in  this  case  by  the 
number  of  springs)  is  proportional  to  the  square  of  the  velocity. 
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Now  if  force  is  to  be  estimated  by  the  amount  of  work  it  does,  it 
is  important  to  notice  that  it  may  be  employed  to  do  quite  different 
kinds  of  work ;  or  rather,  peiiiaps,  to  do  its  work  under  quite  dif- 
ferent conditions. 

1st.  It  may  be  required  to  communicate  motion  to  a  l>ody  free  to 
moTe ;  as  when  one  ball  strikes  another  at  rest. 

2d.  It  may  be  required  to  overcome  a  fixed  obstacle ;  as»  fi>r  ex- 
ample, to  break  an  inflexible  bar,  or  to  produce  a  pressure. 

3d.  It  may  be  required  to  penetrate  space,  when  opposed  by  some 
retarding  influence ;  as  when  an  arrow  is  shot  into  the  air. 

In  the  first  case,  there  is  no  question  but  that  the  *  work  done '  is 
proportional  to  the  velocity  simply,  and  not  to  its  square.  The  only 
experiment,  so  &r  as  I  know^  that  would  even  seem  to  favor  the 
counter  hypothesis,  is  that  of  the  springs  mentioned  above,  and  that  in 
appearance  only ;  for  it  is  to  be  considered  that  the  force  exerted  by 
each  spring  is  diminished  in  the  same  ratio  that  the  velocity  of  the 
body  is  increased,  so  that  by  using  four  springs  instead  of  one,  and 
thus  communicating  a  double  velocity  to  the  body,  each  spring  exerts 
but  half  the  force  of  the  single  one ;  and  we  thus  have  simply  a 
double  force  and  a  double  velocity,  conformably  to  the  law. 

On  the  second  of  the  above  modes  of  applying  force,  I  do  not 
recollect  to  have  seen  the  results  of  any  direct  experiments,  where 
the  moving  body  was  a  solid,  though  I  presume  there  are  many  such 
on  record ;  for  the  experiments  would  be  very  simple,  and  eminent- 
ly practical.  It  is  easy,  however,  to  ascertain  the  law  approximately 
fVom  the  experiments  which  have  been  made  on  fluids.  The  table 
published  by  Mr.  Rouse  many  years  ago  in  vol.  51  of  the  Philo- 
sophical Transactions,  showing  the  relation  between  the  velocity  and 
force  of  the  wind,  is  still  considered  the  best  authority  we  have  on 
that  subject.  It  is  used  by  Rear  Admiral  Beaufort,  hydrographer  to 
the  British  Admiralty ;  and  also  by  Prof  A.  D.  Bache,  superinten- 
dent of  the  United  States  Coast  Survey,  in  his  reduction  of  the 
Girard  College  observations  on  winds.  Now  in  a  fluid  current,  the 
quantity  of  matter,  or,  in  other  words,  the  number  of  particles,  which 
passes  any  section,  is  proportional  to  the  velocity ;  and  if  the  force 
of  each  particle  is  also  proportional  to  the  velocity,  the  aggregate 
force  must  be  proportional  to  the  square  of  the  velocity.  But  if,  on 
the  other  hand,  the  force  of  each  particle  is  proportional  to  the  square 
of  its  velocity,  the  aggregate  force  must  be  as  the  cube. 

For  the  purpose  of  comparisouy  that  we  may  see  which  law  ap- 
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proaches  most  nearly  to  the  truth,  I  have  prepared  the  following 
table,  in  which  the  first  column  shows  the  velocity  of  the  wind  in 
miles  per  hour ;  the  second,  the  pressure  in  pounds  per  square  foot ; 
the  third,  the  pressure  computed  on  the  supposition  that  the  force  of 
each  particle  varies  simply  as  the  velocity ;  and  the  fourth,  the  same 
on  the  supposition  that  the  force  of  each  particle  varies  as  the  square 
of  the  velocity. 


Teloeftylninlka 

PreMara  ss  found 

on  1st  suppottUon. 

per  hoar. 

by  experiment 

1 

0,006 

0,006 

0,005 

2 

0,020 

0,020 

0,040 

8 

0,044 

0,045 

0,186 

4 

0.079 

0,080 

0.820 

5 

0,123 

0,125 

0,625 

10 

0,492 

0,500 

5,000 

15 

1,107 

1.125 

16,875 

20 

1,968 

2,000 

40,000 

28 

2,604 

2,645 

60^885 

26 

8,075 

8,125 

78,126 

80 

4,429 

4,500 

185,000 

86 

6,027 

6,125 

214,875 

40 

7,878 

8,000 

820,000 

45 

9,968 

10,125 

655,626 

50 

12,800 

12,500 

625,000 

60 

17.715 

18,000 

1080,000 

66 

21,485 

21,780 

1487,480 

80 

81,490 

82,000 

2560,000 

100 

49,200 

50,000 

5000,000 

It  appears  from  this  table  that  the  force  of  each  particle  in  pro- 
ducing pressure  is  much  more  nearly  proportional  to  the  velocity 
simply,  than  to  its  square ;  varying  but  slightly  from  the  former,  bat 
greatly  from  the  latter. 

But  it  is  chiefly  in  regard  to  work  of  the  third  kind,  where  tihe 
moving  body  is  required  to  penetrate  space  when  opposed  by  some 
retarding  influence,  that  the  controversy  has  arisen.  With  the  ex- 
ception of  the  experiment  of  the  springs,  which  I  have  already  dis- 
posed of,  all  that  I  have  ever  seen  or  heard  quoted  to  prove  that  the 
force  varies  as  the  square  of  the  velocity  are  of  this  kind. 

Thus  in  the  old  experiment  of  the  balls  let  flill  into  a  plastic  sub- 
stance, the  depth  of  the  pit  is  nothing  more  than  the  space  penetrated 
by  the  body  under  the  retarding  influence  exerted  by  the  substance 
into  which  it  faUs ;  just  as  when  an  arrow  is  shot  into  the  air,  the 
height  to  which  it  rises  is  the  space  penetrated  imder  the  retarding 
iafluenoe  of  gravitation. 
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So  also  in  the  case  of  the  parallel  plates,  quoted  at  the  New-Haven 
meeting,  the  number  of  plates  measures  the  space,  and  the  resistance 
of  each  plate  constitutes  the  retarding  influence. 

The  case  of  water  power,  as  applied  to  the  grinding  of  grain,  was 
abo  refeiTed  to  at  the  New-Haven  meeting;  where  it  is  evident  that 
the  number  of  revolutions  of  the  millstone  measures  the  space,  and 
the  friction  of  the  grain  between  the  stones  constitutes  the  cliief 
retarding  influence. 

And  so  we  might  go  on  showing  that  all  the  experiments  resolve 
themselves  into  cases  of  retarded  motion ;  and  if  the  resistance  be 
constant,  as  it  is  approximately  in  all  such  experiments,  the  motion 
ia  uniformly  retarded.  Now  it  is  one  of  the  first  truths  that  we  learn 
in  mechanics,  that  in  uniformly  retarded  motion,  the  space  is  pro- 
portional to  the  square  of  the  velocity ;  so  that  if  mere  space  in  such 
circumstances,  without  reference  to  time,  be  the  proper  measure  of 
the  force  of  the  moving  body,  there  is  no  doubt  but  that  the  latter 
varies  nearly  as  the  square  of  the  velocity.  But  there  seem  to  be  se- 
veral serious  objections  to  its  being  regarded  as  the  proper  measure. 

1st.  It  gives  results  at  variance  with  those  obtained  by  the  two 
other  modes  I  have  mentioned,  which  are,  to  say  the  least,  quite  as 
philosophical  and  worthy  of  credit. 

2d.  It  introduces  a  new  and  very  uncertain  element,  and  one 
which,  philosophically  regarded,  seems  to  me  quite  foreign  to  the 
question,  and  to  serve  only  to  make  it  more  obscure  and  complicated, 
viz.  the  medium  or  influence  which  retards  the  motion.  If  in  dis- 
diarging  a  cannon  we  measure  the  expansive  force  of  the  gunpowder 
by  the  velocity  given  to  the  ball,  or  by  the  pressure  upon  the  sides  and 
breech  of  the  gun,  all  is  simple,  and  the  results  are  harmonious ;  but 
if  we  attempt  to  measure  it  by  the  distance  to  which  the  ball  is 
thrown,  we  must  take  into  account  all  the  'resistances  that  it  will 
have  to  encounter  on  its  way,  which  may  be  uniform,  or  may  vary 
according  to  any  law  whatever,  or  to  no  law  at  all.  It  is  as  though 
we  should  undertake  to  measure  the  capacity  of  a  pipe  for  discharging 
fluid,  by  first  perfijrating  it  longitudinally  with  a  series  of  holes,  so 
as  to  produce  a  leakage,  and  then  inquiring  how  fur  a  fluid,  injected 
80  as  to  fill  one  end,  would  flow  before  it  should  all  leak  out.  If  the 
diameter  of  the  pipe  and  the  rate  of  leakage  were  constant,  this 
distance,  like  the  analogous  one  in  the  case  of  force,  would  be  pro- 
portional to  the  square  of  the  velocity  with  which  the  fluid  was  in- 
jectedi  whereas  the  true  measure  of  discharge  we  know  to  be  pro- 
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portional  to  the  velocity  simply.  Just  so  in  all  the  experiments  aboye 
referred  to,  the  retarding  influence  constitutes  a  ^leakagty  as  it 
were,  of  the  force,  which  gradually  wastes  it  away  till  the  whole  is 
destroyed. 

3d.  It  would  seem  that  in  estimating  force  by  the  amount  of  work 
done,  we  ought  to  take  into  account  the  time  employed  in  doing  it. 
Thus  in  the  experiment  of  the  parallel  plates,  by  doubling  the  velo- 
city of  the  ball,  we  shall  perforate  four  times  as  many  plates,  but  it 
will  require  twice  as  long  a  time  to  do  it  in,  so  that  in  reality  the 
force  should  be  considered  as  only  doubled ;  and  so  in  all  the  other 
experiments,  if  we  divide  the  space  by  the  time,  and  consider  the 
quotient  as  the  measure  of  the  force,  we  shall  find  it  to  be  propor- 
tional to  the  velocity  simply,  and  not  to  its  square.  Thus  understood, 
the  three  measures  all  harmonize ;  and  the  true  doctrine  seems  to 
be,  that  the  absolute  force  of  a  body  in  motion  varies  as  the  velocity 
simply ;  but  opposed  as  it  is  in  many  of  its  practical  applications  by 
friction  and  other  retarding  influences,  its  available  loorhmg  effect  in 
these  cases  varies  more  nearly  as  the  square  of  the  velocity. 


4.  On  the  Occurrence  of  Placid  Waters  in  the  midst  of  laeob 
Areas  where  Waves  are  constantly  breaking.  By  Pro£ 
£.  N.  HoRSFORD,  of  Harvard. 

Professor  Horsford  said  he  had  noticed  frequently  that  there 
were  spaces  of  some  extent  in  places  where  the  waves  broke,  which 
were  very  smooth  ;  that  though  the  swell  or  rise  and  fall  of  the  water 
was  just  as  great,  yet  there  was  no  breaking  of  the  waves,  no  white 
crest  or  comb.  He  believed  that  these  smooth  spots  were  occasioned 
by  oil  or  oleaginous  matter,  which  had  accidentally  happened  to 
be  spread  on  the  surface  at  such  places.  To  test  this,  he  had,  him- 
self, when  there  was  quite  a  stiff*  breeze,  with  waves  on  the  surface 
of  the  water,  which  broke  with  considerable  of  a  comb  or  crest, 
emptied  a  vial  of  oil,  on  the  water,  from  a  boat.  The  effect  was  in- 
stantly seen.  As  far  as  the  oil  spread,  the  water  was  smooth,  and  the 
waves  did  not  break  ;  and  what  was  very  curious,  the  oil  spread  over 
the  surface  almost  as  rapidly  to  windward  as  it  did  to  leeward.  He 
had,  therefore,  inclined  to  the  conclusion  that  the  smooth  spaces 
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which  might  be  observed  in  the  midst  of  places  where  waves  broke, 
were  owing  to  the  presence  of  oil,  which  might  come  either  from 
decaying  fish,  or  some  other  s^ibstance  frota  which  oil  exuded. 

Captain  Wilkes  confirmed  the  statement  and  observations  made 
by  Prof.  HoRSPORO.  He  cited  an  instance  where  he  fcad  seen  the 
same  effects  in  a  violent  storm  off  the  Cape  of  Good  Hope,  from 
the  leakage  of  a  whale  ship.  He  stated  it  was  very  curious  to  ob- 
serve over  what  a  great  extent  a  small  quantity  of  oil  would  produce 
the  effect  spoken  of. 

Professor  Henry  stated  that  almost  every  one  knew  the  anecdote 
of  Franklin  stilling  the  sea,  to  the  astonishment  of  the  uninitiated,  by 
stretching  his  cane  over  the  side  of  the  ship,  the  cane  having  a  small 
vial  of  oil  in  the  end  of  it.  The  subject  was  not  new.  It  had  been 
investigated  very  fully  some  twenty  years  ago,  by  order  of  the  Dutch 
Grovemment,  and  was  published  in  the  Annales  de  Chimie. 

The  philosophy  of  the  phenomena  was  simple,  though  not  given 
in  the  works  on  natural  philosophy.  It  is  this  :  When  oil  is  placed 
on  water,  it  has  greater  attraction  for  the  water  than  for  itself;  while 
with  water  it  is  different,  for  it  has  greater  attraction  for  itself  than 
it  has  for  the  oil.  If  you  attempt  to  separate  the  two  by  a  disk  placed 
on  the  surface  of  water  which  oil  has  covered,  the  break  is  not  be- 
tween the  oil  and  water,  but  between  oil  and  oil.  He  further  stated 
that  he  had  made  some  investigations  to  find  out  the  thickness  of  the 
film  of  oil  which  spread  over  the  surface  of  water ;  and  for  that  pur- 
pose, he  had  spent  a  whole  month  in  blowing  soap  bubbles.  He 
thought  the  stillness  of  the  waves  was  owing  to  the  lubrication  of  their 
surface  by  the  oil. 


6.  Olf  THE  PROPER  GEOMETRICAL  FORM  OP  THE  MoULD-BOARD  OF  THE 

Plough.    By  Rev.  Charles  Hacklet,  of  Columbia  College, 
New-York. 

[  Not  receivetL] 
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6.  On  the  use  op  Air  as  a  medium  for  conyeting  Mechanicai. 
Power.    By  Lieat.  E.  B.  Hunt,  U.  S.  Engineers. 

Mechanical  power  applied  to  machinery  plays  so  great  a  part  in 
giving  form  and  organizdition  to  civilized  society,  that  the  study  of 
its  sources,  modifications  and  applications  is  full  of  import  to  all  the 
material  and  spiritual  interests  of  man.  A  large  portion  of  our  fellow- 
men  live  where  they  live,  and  do  what  they  do,  because  of  special 
facilities  for  wind,  water  or  steam  power  furnished  by  the  locality  of 
their  abode.  Mechanical  power  is  among  the  chief  elements  of  na- 
tional wealth,  and  is  indeed  indispensable  to  that  cultivated  leisure 
from  which  enlarged  civilization  springs.  England  owes  her  com- 
manding position,  not  less  to  the  great  natural  provision  for  mechar 
nical  power  within  her  borders,  than  to  that  vigor  of  intellect  and 
muscle  which  has  raised  myriads  of  iron  arms  to  do  her  bidding. 
Mechanical  power  then  forms,  in  civilized  communities,  a  property 
of  great  value,  subject,  like  all  other  property,  to  the  principles  of 
political  economy. 

Power,  when  cheaply  available,  creates  the  manufactures  best 
adapted  to  its  use.  Moreover  if  power  hitherto  unavailable  be  made 
cheaply  serviceable,  new  arts  and  manufactures  will  be  established 
on  spots  till  now  unfitted  for  such  a  purpose.  The  chief  purpose  of 
this  communication  is  to  bring  forward  a  mode  of  making  available 
much  power  hitherto  unserviceable,  and  of  modifying  the  existing 
applications  of  mechanical  power. 

Elastic  fluids  give  back,  in  expanding,  most  of  the  power  requisite 
for  effecting  their  compression.  If  we  expend  force  in  compressing 
air,  this  force  may  be  recovered,  and  used  at  any  desired  point  of  the 
space  occupied  by  the  condensed  air.  By  giving  to  this  space  the 
form  of  a  long  tube  or  passage  way,  the  air  may  be  condensed  at 
one  end,  and  used  in  driving  an  engine  at  the  other  end,  just  as  steam 
drives  a  steam  engine.  Both  theory  and  experience  prove,  that  in 
such  a  case,  the  rapidity  of  flow  will  be  very  great  Power  may  thus 
be  transferred  through  this  atmospheric  medium,  from  a  point  where 
it  is  not  available,  to  one  where  it  will  fulfil  all  desired  conditions. 
The  only  losses  are  those  due  to  passive  resistances  of  machinery,  to 
cooling  of  the  air  heated  by  compression,  and  to  its  friction  on  the 
tube.  The  inertia  of  the  flowing  column  would  preserve  that  force 
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expended  in  giving  the  motion,  acting  as  in  the  hydraulic  ram.  If  the 
tube  be  made  large,  and  the  distance  of  transfer  be  not  too  great,  all 
these  losses  will  be  very  small.  Steam  might  be  used  in  this  way, 
except  that  the  cooling  consequent  on  giving  great  length  to  the  in- 
duction pipe  would  be  very  great,  causing  much  loss  of  tension  or 
condensation. 

Again,  force  may  be  expended  in  forming  a  vacuum  in  a  tube 
leading  to  the  place  where  it  is  desired  to  apply  any  hitherto  un- 
available power.  A  sustained  vacuum  in  a  city  would  be  a  capital 
fortune.  By  its  aid,  atmospheric  pressure  might  be  made  an  exhaust- 
less  source  of  power.  A  piston,  with  the  air  on  one  side  and  a  total 
or  partial  vacuum  on  the  other,  would  act  like  that  of  a  steam  engine. 

There  are  many  places  where  water-power  runs  to  waste,  from  the 
locality  not  being  such  as  to  permit  its  direct  application.  In  some 
of  these  cases,  the  lost  power  may  be  very  advantageously  applied  to 
compressing  air,  or  forming  a  vacuum  in  a  tube  leading  to  an  engine 
or  engines  placed  where  it  is  desired  to  use  the  power.  This  locality 
can  undoubtedly  be  between  one  and  two  miles  from  the  waterfall, 
without  very  great  loss.  By  means  of  branch  tubes,  the  power  may 
be  distributed  to  various  points  within  the  circle  of  two  miles. 

There  is  one  remarkably  favorable  locality  for  applying  the  prin- 
ciples now  stated.  In  the  city  of  Rochester,  the  Grenesee  river  has  a 
vertical  fall  of  about  100  feet  A  dam  just  above  the  falls  diverts  the 
river  into  a  canal,  from  which  all  the  Rochester  mills  draw  their 
supply  of  water.  None  of  these  use  more  than  a  third  of  the  entire 
fall,  and  the  water  is  then  discharged  directly  over  a  precipice  into 
the  deep  gulph  below.  Thus  a  fall  of  the  entire  Genesee  through 
60  or  70  feet,  in  the  very  heart  of  the  city,  is  lost  for  mechanical 
purposes.  The  ravine  is  so  bold  and  gulph-like  in  character,  that 
mills  can  never  be  well  placed  for  using  this  waste  power  directly. 
There  is  on  the  lower  level  just  about  the  space  required  for  placing 
the  air-condensing  or  exhausting  machinery,  necessary  for  utilizing 
the  waste  power.  The  water  can  be  taken  from  th&  tails  of  the  pre- 
sent mills,  led  through  tunnel  and  shaft  conduits,  and  then  applied  to 
pumps  for  condensing  or  exhausting  the  air  of  tubes  leading  up  the 
bank,  and  across  the  upper  plateau,  to  those  localities  best  adapted 
to  mills  and  machinery.  This  tube  could  perhaps  best  be  formed  by 
driving  shads  and  tunnels,  of  about  six  feet  square  section,  into  the 
soft  shale  forming  the  bank  and  substrata,  a  construction  which  would 
be  entirely  durable ;  or  by  opening  a  trench,  a  brick  or  concrete 
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culyert  Sned  with  an  aif*tigfaC  plastering  could  be  quite  cheaply 
made,  of  such  size  that  the  velocity  of  air  within  need  never  be  very 
great.  If  the  trench  be  carefully  filled,  leakage  of  air  may  be  made 
insensible.  Branch  pipes  of  cast  iron  will  suffice  for  distributing  the 
power  from  the  main  channels. 

In  the  power*using  establishments  drawing  from  the  common  air 
or  vacuum  reservoir,  the  machinery  required  will  be  identical  with 
that  of  the  steam  engine,  from  the  induction  pipe  onwards,  almost 
without  modification.  An  examination  of  the  steam-generating  and 
steam-using  portions  of  the  steam  engine  will  show  that  the  con- 
necting induction  pipe  exactly  fills  the  place  of  the  proposed  power 
mains.  The  small  size  of  this  pipe  in  common  engines  shows  that 
great  powers  may  be  passed  through  narrow  tubes  for  some  distance, 
with  but  slight  loss.  Indeed  steam  could  be  sent  through  tubes  a 
mile  long  without  much,  loss  of  tension,  except  for  its  high  heat  and 
liability  to  condensation ;  a  difficulty  not  existing  in  the  case  of  air. 

The  machinery  best  fitted  for  using  the  water  power  in  this  project 
would  seem  to  be  the  water  p-essure  engine*  Two  cylinders  of  equal 
length,  placed  horizontally  end  to  end,  would  serve,  one  for  the 
water,  and  the  other  for  the  air  cylinder.  Two  pistons,  one  in  each, 
and  both  on  a  common  rod,  would  receive  and  use  the  pressures  due 
to  the  head  an^  expenditure  of  water.  To  this  rod  a  fly  wheel  should 
be  attached.  The  number  of  these  engines  would  depend  on  the 
amount  of  water  used. 

It  will  be  seen  on  examination  of  this  project,  that  the  entire  water 
power  of  the  Genesee,  swelled,  as  it  soon  will  be,  by  the  surplus 
waters  of  the  enlarged  Erie  canal,  may  be  utilized  and  distributed 
through  the  city  of  Rochester,  by  constructions,  no  portion  of  which 
is  untried,  and  no  feature  of  which  is  particularly  expensive.  The 
good  qualities  of  steam  power  can  be  secured,  without  expense  for 
fuel,  and  with  but  slight  cost  for  maintenance.  The  parts  proposed 
may  be  made  very  du^ble,  and  wear  of  machinery  reduced  to  a 
trifle.  The  consequences  of  increasing  threefold  the  mechanical 
power  of  that  fine  city  may  be  in  part  foreseen.  The  boundless 
agricultural  resources  of  the  famed  Genesee  valley  will  call  into 
active  requisition  all  the  manufacturing  capacities  thus  created. 
When  the  condition  of  the  country  permits  manufactures  again  to 
prosper,  Rochester  will  be  able  to  start  in  this  career  with  eminent 
advantages. 


Digitized  by 


Google 


46  A.  MATHEMATICS   AND  PHYSICS. 

After  having  matared  these  ideas,  I  found  that  Papin,  the  ingeniotit 
inventor  of  the  digester,  &c.,  had  conceiyed  the  same  plan,  and  made 
some  unsuccessful  experiments  in  its  application.  He  found  the  effect 
much  less  than  he  had  expected.  Though  I  have  not  met  with  anj 
accurate  account  of  his  trials,  I  am  convinced  that  he  made  his  tubes 
too  small,  and  neglected  the  friction  of  the  air  against  their  sides. 
Weisbach  gives  the  expression  for  the  resistance  offered  hj  fricti<m 
to  the  flow  o£  air  in  tubes» 

in  which  h^  is  the  height  of  a  column  of  air  equal  to  the  resistance ; 
0,024,  a  constant  derived  from  numerous  experiments ;  /,  the  length 
of  the  tube ;  d,  its  diameter ;  v,  the  velocity  of  flow ;  and  g,  the 
force  of  gravity.  Now  as  for  a  given  discharge  the  velocity  is  in- 
versely as  the  section,  or  as  -^,  it  follows  that  k^  varies  as  -^ ;  which 

shows  how  rapidly  the  friction  may  be  diminished  by  increasing  the 
diameter  or  section. 

But  the  atmospheiic  railways  have  clearly  shown  the  possibility  of 
rapidly  forming  a  vacuum  at  the  distance  of  near  two  miles,  without 
delay  or  loss  of  power.  No  sensible  difference  could«be  observed  in 
simultaneous  readings  of  two  barometer  gages  at  the  ends  of  a  nine- 
inch  pipe,  ^  mile  long,  at  Wormholt  Scrubs  in  England,  when  a 
vacuum  of  18  inches  was  formed  in  one  minute.  On  the  Kingston 
and  Dalkey  road,  If  miles  long,  the  pipe  of  15  in.  internal  diameter 
was  exhausted  by  the  vacuum  pump  at  Dalkey  so  rapidly  that  a 
vacuum  was  formed  in  the  entire  length  from  Kingston  to  Dalkey, 
equal  to  a  column  of  mercury  of  10  in.  (J  atmosphere)  in  0'  66"  ; 

ofl5in.(J        «  )inl'6l"; 

of  20  in.  (f        "  )  in  3' 30". 

Afler  such  results,  it  is  unreasonable  to  suppose  that  any  difficulty 
would  be  encountered  in  extending  a  vacuum  or  pressure  through 
the  proposed  culverts,  any  distance  within  two  miles  from  the  pump. 
This,  at  least,  is  proved  by  these  railways,  unfortunately  as  they 
turned  out  for  the  stockholders.  City  gas  distribution  proves  too  that 
compressed  gas  may  be  distributed  to  great  distances  through  narrow 
tubes. 
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The  case  of  Rochester  well  represents  one  class  of  the  applications 
which  may  be  made  of  compressed  air,  in  conveying  waste  power 
to  points  where  it  can  be  used.  A  rivulet  from  the  mighty  Niagara 
could  thus  be  made  to  animate  a  city  almost  beyond  its  roar,  if  we 
can  tolerate  the  thought  of  the  King  of  Wonders  becoming  a  Pegasus 
in  harness. 

One  other  application  I  will  mention.  In  cities,  it  will  permit  the 
manufacture  of  power  to  be  centralized  in  single  power-making 
establishments ;  while  by  means  of  exhaustion  or  compression  pipes, 
it  can  be  distributed  to  large  neighborhoods.  All  the  steam-generating 
portions  of  steam  engines  may  be  replaced  by  central  power  facto- 
ries, conducted  on  strictly  economic  principles.  Thus  the  space,  at- 
tendance, risk,  and  disagreeables  of  steam  generating  will  be  saved 
to  stores  and  small  manufacturing  establishments  ;  while  all  required 
power  would  be  purchased  from  the  power  manufacturers,  and  dis- 
tributed through  the  air  mains  just  as  in  gas  or  water  distribution. 
There  would  be  a  great  economy  in  the  balancing  among  many 
power  consumers.  The  principles  here  are  the  same  as  in  gas  mfr- 
nufecture  and  distribution.  It  would  be  absurd  for  every  body  to 
make  his  own  gas.  The  economy  of  power  manufacture  is  scarcely 
less  violated  by  each  one  making  his  own  power.  By  using  a  common 
system  of  compression  or  vacuum  tubes,  this  economy  could  best  be 
consulted.  Besides,  power  would  then  be  used  for  hundreds  of  pur- 
poses where  now  it  is  prohibited  by  the  necessity  of  boilers  and 
engineers,  the  lack  of  room  for  their  accommodation,  and  the  risk 
incident  to  their  use.  It  would  be  applied  largely  to  lifting  in  stores 
and  warehouses,  making  their  upper  stories  almost  as  valuable  as 
the  lower.  The  machinery  for  thus  applying  it  may  be  quite  simple, 
and  easily  managed  by  an  intelligent  workman.  The  history  of  gas 
lighting  and  water  supply  may  be  re-enacted  in  that  of  power  dis- 
tribution. The  simple  principle  in  all  this  may  be  thus  stated :  Power 
is  property,  which  may  be  manufactured  and  distributed  to  con- 
sumers at  much  lower  rates  than  consumers  can  manufacture  it  for 
themselves. 
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UL   PHYSIOS. 


A.  MOLBCmJUl   MHOHAIVIGB. 

7.  On  the  Permeability  op  Metals  to  Mercury.  By  Professor 
E.  N.  HoRSFORD,  of  Harvard. 

Daniel  observed  that  bars  of  lead,  tin,  zinc,  gold,  and  silver, 
became  penetrated  by  mercury,  when  partially  or  wholly  immersed 
in  it.  He  noticed  that  mercury  combined  to  form  a  crystallized 
amalgam  with  each  of  the  first  four  metals,  and,  by  the  aid  of  heat* 
also  with  silver*. 

Henry  modified  the  expenment  of  Daniel  with  lead ;  giving  to 
the  bar  the  form  of  a  syphon,  one  end  only  of  which  was  immersed 
in  the  mercury.  He  discovered  the  remarkable  fact  that  the  mercury 
may  not  only  be  carried  through  the  bar  in  this  form,  but  that  it  will 
drop  from  the  longer  section  of  the  bar ;  thus  exhibiting  the  syphon 
experiment,  employing  a  solid  bar  for  the  tube,  and  mercury  for  the 
liquidt. 

I  have  repeated  the  experiments  of  Daniel  and  Henry^  and  have 
modified  them  in  a  variety  of  ways,  to  meet  the  inquiries  suggested 
in  the  investigation  of  these  phenomena ;  and  I  propose  to  give,  in 
the  following  paper,  the  results  at  which  I  have  arrived. 


Experiments  with  Lead. 

The  bars  employed  by  me,  with  a  few  exceptions  for  specified 
purposes,  were  cast  in  paper  moulds  surrounded  by  sand ;  of  a  dia- 


*  The  prodaction  of  amalgams  by  electrolysis  is  well  known  (Trans.  Roy.  Inst, 
vol.  1).  Bottger  prepared  amalgams  of  barium,  manganese,  cobalt^  nickel,  zinc^ 
nlver,  lead,  copper  and  cadmium,  by  pouring  salts  of  these  metals  upon  sodium 
amalgam.  Klauer  observed  the  formation  of  calcium  and  magnesium  amalgam, 
upon  pouring  salts  of  these  metals  upon  potassium  amalgam.  Wollaston,  Berzeliui^ 
Davy,  Bei^gmann,  Damour,  Dobereiner,  Serullas  and  Tennant  have  made  various 
researches  in  this  field. 

f  Pogg.  Ill  187.  NoTB.  I  met  with  the  first  exhibition  of  the  experiment  of 
Prot  Hknrt  in  the  laboratory  of  Prot  Tsir  Etgk  of  Albany. 
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meter  Tarying  but  slightly  from  0,006"^ »  and  of  variable  lengths  to 
suit  the  objects  of  experiment. 

The  following  inquiries  were  submitted  to  experiment : 

I.  Has  the  bar,  saturated  with  mercury,  increased  specific  gravity  f 
Bars  of  lead,  afler  standing  in  a  cup  of  mercury  until  they  had 
become  saturated  with  the  latter  metal,  were  taken  out  and  carefully 
scraped  to  remoye  the  surface  coat,  and  the  specific  gravity  ascer- 
tained in  the  usual  manner. 

The  following  determination^  were  made  : 

Speolflo  gravity  of  lead.  Spedflo  gravity  of  toad  ■aturatad  with  meroory. 

11,481  )  11,4091 

11,406  y  Drawn  bam  11,426  I  rw.™  v«^ 

11,407)  11.486  f^*^^"* 

ll,416j 


11,414  avemge. 

1 1,428  ) 

11,406  V  Oast  banL 

11,887  ) 


11,421  average. 


11,406  average.  11,464  Cart  bar. 

They  seem  to  indicate  increased  specific  gravity. 

The  irregularity  of  these  results  led  to  an  experiment  to  ascertain 
if  there  might  be  cavities  in  the  bar.  The  specific  gravity  of  mercury 
being  greater  than  that  of  lead,  as  13,575  (Fahrenheit)  is  to  11>448 
(Berzelius),  a  bar  containing  cavities  would  have,  when  saturated 
with  mercury,  a  higher  specific  gravity  than  a  bar  without  cavities 
similarly  saturated. 

The  following  are  the  weights  before  and  after  being  penetrated 
with  mercury  : 

GranuDes  of  lead,  liuaeaMd  to  InonaMb 

L     4,6342  4,6780  gr.  0,0888  gr. 

n.    4,8408  4,9190  "  0,0787  " 

m.     6,2061  6,8168  *''  '0,1102  " 

The  result  was  unsatisfactory  :  nearly  equal  weights  of  lead  had 
absorbed  weights  of  mercury  differing  from  each  other  by  a  hundred 
per  cent. 

Upon  examining  the  bars  where  in  contact  with  the  mercury,  they 
were  corroded,  and  lead  was  found  dissolved  in  the  mercury.  More 
lead  might  have  dissolved  from  one  bar  than  the  other. 

Another  experiment,  made  to  determine  the  expansion  of  a  bar  of 
lead  by  the  absorption  of  mercury,  to  which  reference  will  be  made 
below,  confirms  the  opinion  of  higher  specific  gravity  of  the  amalgam. 
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IL  WhatistkevdoeUyqftrimgmMnon^meremytiro^ 

It  was  observed  by  Pro£  Henry,  that  the  progress  of  mercury  in 
the  lead  was  more  rapid  in  cast  than  in  hammered  lead.  Upon  noting 
the  progress  fixMn  day  to  day,  most  unexpeeted  results  have  presented 
themselves.  In  a  vertical  bar,  with  die  mercury  at  the  bottom,  the 
progress  is  at  first  rapid  :  it  diminishes  in  velocity,  however,  fix>m 
day  to  day,  until,  after  several  months,  having  reached  the  height  of 
between  six  and  seven  mches,  it  is  not  one-thousandth  as  rapid  as  at 
the  outset 

A  hollow  bar  of  lead,  of  ^  inch  calibre,  was  erected  in  a  cup  of 

mercury  :  the  latter  metal  rose  in  six  hours 0,062  mm. 

m  eighteen  hours  more,  0,008    ** 

in  twelve  days  more  . .  0,028     ** 

in  eight     do      do     ..  0,008     •* 

in  eleven  do      do     ..  0,010*    ** 

in  112        do      do     ..  0,014     " 

in    53        do      do     ..  0,007     •* 

in    63       do      do     ..  0,006     ** 

Total  in  260  days 0,143  mm.* 

In  two  cast  bars,  it  rose  somewhat  more  rapidly,  and  to  a  total 
greater  height.  In  one  (a)  the  velocities  virere  as  follows  : 

In  24  hours 0,085  mm. 

in  24  hours  more 0,010  « 

in  16  days  more 0,002  " 

in  90     do    do     0,054   " 

.       in  53    do     do     .........  0,021   V 

in53    do     do 0,t)06   " 

in.53««do.d^     •».,.^,..  i),ai2.  ". 

Total  in  287  days 0,189  mm. 

*  The  meroniy  rose,  in  a  lecond  similar  hollow  bar, 
in  S4  hours,  0,076 

in    6  days  more^      0»045 
in  20    "       "  0,014 

in  68     "      "  0.011 

Total  in  80  days,  0,146 

The  bar  had  previoiisly  been  saturated  with  mercury,  but  had  a]^>arently  loflt 
moat  of  it  by  evaporation. 
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In  the  other  (h),  which  was  composed  of  short  piecee  fufled  to- 

gether»  the  mercury  rose  in  169  days 0,224  mm. 

in    47  days  toore  ....  0,011    " 
in    53     do    do     0,015   « 

Total  in  269  days 0,250  mm. 

Placing  these  results  side  by  side,  we  have  the  ascent  of  mercury  in 
24  hours,  in  drawn  lead,  0,070  mm. 
in  cast  lead,       0,085   '' 

The  total  height  to  whidi  the  mercury  rose  during  the  time  of 
experiment,  in  drawn  lead,     ^  0,143  mm. 
in  cast  lead  (a),  =r  0,189   ** 
in  cast  lead  {b),  =  0,250   '< 

The  last  result  confirms  a  further  remark  of  Prof.  Henry,  that  the 
mercury  follows  the  seams'  of  a  cast  bar,  rather  than  the  more  ho- 
mogeneous portions.  It  is  obviously  a  case  of  capillary  attraction, 
the  mercury  ascending  between  the  walls  of  narrow  fissures. 

III.  Does  gravity  influence  the  transmission  of  mercury  1 

Mercury  was  presented  at  the  top  of  a  bar  0,80"*  in  length.  Its 
descent  was  astonishingly  rapid  :  in  two  hours  it  had  penetrated 
360™°.  The  first  quantity  having  aU  passed  into  the  bar,  it  ceased  to 
flow.  Upon  the  addition  of  another  portion,  the  flow  was  resumed. 
In  less  than  two  days,  the  mercury  dropped  from  the  bottom. 

A  83rphon-shaped  bar  with  the  shorter  leg  out  of  the  mercury, 
tnough  it  became  saturated,  discharged  no  mercury. 

Gravitation  evidently  facilitates  the  transmission  of  the  mercury 
when  flowing  from  above  downward.  It  of  course  opposes  its  flow 
from  below  upward, 

IV.  Does  the  mercury  which  passes  through  the  bar  of  lead  contain 
the  latter  metal  in  solution  ? 

The  drop  presents  a  film  upon  its  surface,  which,  as  in  a  sack  of 
very  considerable  tenacity,  encases  the  purer  metal.  Upon  volatiliz- 
ing the  mercury  at  a  low  heat,  under  a  mass  of  cyanide  of  potassium, 
carbonate  of  soda  and  sand,  there  remained  a  button  of  lead. 
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V.  I8  the  lead  contained  in  the  drop  derived  from  the  end  of  the 
longer  leg  of  the  syphon,  or  from  the  interior  of  the  bar  as  wdl  ht 
theend? 

In  the  latter  case  the  interatomic  spaces  would  be  increased ;  and 
the  mercury,  under  the  influence  of  capiHary  attraction  and  grayita- 
tion,  might  be  expected  to  flow  faster.  To  ascertain  if  this  might  be, 
a  syphon  bar  was  arranged  of  diameter  0,06"",  total  length  one  de- 
cimetre. The  amalgam  dropped  into  a  weighed  porcelain  cup,  and 
was  determined  at  intervals  of  ten  days,  and  finally  after  a  lapse  of 
but  feur,  emptying  the  cup  after  each  weighing.  The  quantities  that 
flowed  through  in  the  periods  of  ten  days  were  : 


Orammet. 

Orammei. 

1st  ten  days 

. .     5,4169 

6th  ten  days  . . 

18,9119 

2d 

. .     5,7906 

7th       " 

24,6699 

3d 

..     8,6281 

8th       " 

29,5954 

4th       " 

.   11,4976 

9th       " 

34.6036 

5th        " 

..   15,4280 

10th       « 

40,0357 

] 

Foui 

r  days  more  gave  . . 

17,3920 

i 

equa 

l1  for  ten  days  to    . . 

43.4806 

Total  in  104  days. .  210,9697 

It  will  be  observed  that  the  quantity  flowing  through  in  the  last  four 
days  of  experiment  is  not  as  great  a  proportional  increase  as  that  of 
the  preceding  ten  days. 

A  second  experiment  was  made  with  another  bar,  employing  the 
same  mercury,  now  more  or  less  saturated  with  lead.  The  length  of 
the  bar  was  0,070"",  and  the  diameter  0,006"".  The  first  two  weigh- 
ings were  at  intervals  of  ten  days ;  the  remaining  weighings,  once 
in  five  days.  There  dropped  in  the 


Grammes. 

1st  &  2d  five  days  . .  48.2735 

3d  &  4th  five  days..  66.5655 

5th  five  days    31,6409 

6th         "         29,7585 

7th         "          31,3590 

8th         "          30,1640 


Grammee. 
9th  five  days 35,3460 


10th 
11th 
12th 
13th 
14th 


39.9694 
36,0043 
31,2365 
31,5286 
31,9990 


Total  in  70  days 443,8452 
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The  first  suite  of  experiments  led  to  the  conclusion,  that  the  in- 
creased flow  of  mercury  in  a  given  time  was  due  to  the  increased 
porosity  of  the  lead — to  increased  capillary  attraction. 

The  second  suite  of  experiments  did  not  sustain  this  conclusion. 
In  the  first  place,  contrary  to  expectation,  a  new  bar  transmitted  more 
mercury  than  the  bar  conceived  to  have  become  highly  porous  by 
use ;  and  in  the  second  place,  the  quantity  transmitted  in  a  given 
time  soon  attained  a  maximum,  from  which  it  varied  but  little  to  the 
close  of  experiment. 

The  5th,  6th,  7th,  8th,  12th,  13th  and  14th  weighings  gave  quan- 
tities varying  but  little  from  each  other.  The  9th  exceeded  any  of 
the  preceding  determinations  so  much,  that  I  was  led  to  a  careful 
inspection  of  the  circumstances  attending  the  experiment. 

I  found  the  bar  more  deeply  inunersed  in  the  mercury.  Its  posi- 
tion was  maintained  for  the  two  succeeding  experiments,  and  then 
changed  to  that  occupied  at  first.  These  weighings  led  to  the  opinion 
that  the  cause  of  the  discrepancy  was  the  unequal  absorbing  surface 
to  which  the  mercury  had  been  exposed.  More  mercury  had  passed 
into  and  through  the  bar  in  one  case  than  the  other. 

This  explanation  was  confirmed  by  an  especial  experiment  to 
ascertain, 

VI.  What  is  the  influence  cf  the  extent  of  absorbing  surface  ex^ 
posed  to  the  mercury  ? 

Two  bars  of  equal  length  and  diameter  were  taken.  They  were 
bent  into  syphons,  and  the  shorter  leg  dipped  in  a  solution  of  gutta 
percha  in  chloroform — a  sort  of  collodion,  which  incrusted  them 
with  an  impermeable  envelope.  After  drying,  the  gutta  percha  cuti- 
cle was  scraped  from  the  end  of  one  bar,  and  from  the  end  and 
a  nearly  equal  .portion  of  the  side  of  the  other.  The  shorter  legs  of 
both  were  placed  in  the  same  cup  of  mercury,  and  the  large  legs  in 
other  weighed  cups. 

Two  drops  fell  from  the  bar  having  the  larger  surface,  before  any 
fell  from  the  other.  Afler  nine  days,  the  quantities  were  weighed. 
Through  the  bar  having  the  greater  absorbing  surface  there  had 

flowed    3,8902  grammes ; 

and  through  that  having  less,  2,1285     '' 

It  might  be  supposed  that  the  syphon  action  would  be  limited  by 
the  height  to  which  the  mercury  rises  in  a  vertical  bar.  An  experi- 
ment was  made  to  ascertain, 
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VII.  Whether  the  ascent  of  mercury  he  influenced  hy  the  vertical 
elevation  of  the  summit  of  the  syphon  above  the  mercury ^  or  the  length 
of  bar  between  the  mercury  and  summit  ? 

A  bar  was  saturated  with  mercury,  and  then  bent  into  the  form  of 
a  syphon ;  the  shorter  leg  being  0,150"",  the  larger  0,800™"  in 
length.  At  the  end  of  thirty-four  days,  there  had  appeared  no  drop. 
At  this  period  the  shorter  leg  was  inclined  at  an  angle  of  15^  to  the 
horizon.  In  129  days  no  amalgam  had  dropped  from  the  longer  leg; 
As  the  bar  was  saturated  with  mercury,  the  height  to  which  the  lat- 
ter metal  rose  in  the  syphon  could  not  be  ascertained.  It  is  evident 
nevertheless  from  this  experiment  and  those  made  under  inquiry  n, 
that  the  progress  of  the  mercury  is  so  slow  after  having  penetrated 
some  0,150  to  0,200""  of  mere  length,  that  length  influences  more 
than  vertical  height. 

From  the  results  of  the  first  and  second  series  of  experiments, 
arose  naturally  the  inquiry, 

VIII.  Does  mercury  saturated  with  lead  flow  through  leaden  hare  t 

The  following  experiments  were  made  : 

1.  Two  syphon  bars  were  placed  in  mercury  that  had  once  run 
through  lead  :  in  three  days,  drops  fell  from  both. 

2.  Mercury,  in  which  lead  had  been  standing  for  montfaB^  aod 
which  was  viscid  from  the  presence  of  crystallized  amalgam,  was 
taken,  and  two  bar  syphons,  one  saturated  with  mercury  and  the 
other  pure,  were  placed  in  it  In  due  time  the  amalgam  fell  from 
both. 

3.  Three  syphons  of  nearly  equal  length  were  placed  in  a  cup  of 
mercury.  In  due  time  the  amalgam  dropped  from  all|  In  a  few  days 
the  cup  was  emptied.  As  it  ran  through,  it  was  received  into  a  second 
cup,  from  which,  when  the  first  was  emptied,  it  was  poured  back,  to 
run  through  a  second  time,  and  a  third,  and  so  on. 

The  amalgam  thus  ran  through  some  twelve  or  more  times.  It 
was  saturated  when  it  first  came  through,  for  it  had  every  facility 
for  acquiring  the  largest  measure  of  lead  it  could  hold.  In  this  con* 
dition  it  ran  repeatedly  through  the  bars. 

The  quantity  of  liquid  amalgam  dimini^ed;  and  there  accumula- 
ted in  the  cup,  at  each  end  of  the  bar,  crystallized  amalgam.  (The 
excess  of  mercury  had  evidently  evaporated.) 
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Bars  brittle  when  first  witiiclrawn  from  the  merciiry»  in  time  re- 
eovered  their  tenacity,  and  apparently  with  the  loss  of  mercury  by 
evaporation.  This  led  to  analyses  in  answer  to  the  inquiry, 

IX.  What  it  the  constittUum  of  the  bar  saturated  toith  mercury  9 
when  in  contact  with  the  mercury ^  and  aha  after  long  esDposwre  to  the 
atmo^here? 

'  An  analysis  of  the  saturated  bar,  the  lead  determined  as  sulphate, 
and  the  mercury  as  sulphide*,  gave  : 

I.  Of  lead 96,32  per  cent. 

of  mercury 3,63 

99,95 
Another  analysis  of  the  same  gave 

II.  Of  lead  .  - 96,39  per  cent. 

leaving  of  mercury  . .     3,62 

100,01 

An  analysis  of  the  bar  after  seven  months  exposure  to  the  atmo- 
sphere, gave 

I.  Of  mercury 0,83  per  cent. 

leaving  lead 99,17 

100,00 
Another  analysis  gave 

II.  Of  mercury 0,88  per  cent. 

of  lead   99,22 

100,00 


*  An  analysis  of  the  saturated  bar,  by  fusing  under  a  mixture  of  carbonate  of 
soda,  cyanide  of  potasainm,  and  sand,  gave  of 
Lead    •    •    -    96,53 
Mercury  -    •      8,47 

100,00 
Another  gave  of 

Lead    -    •    -    94,25 
Mercury  -    •      5,75 

100,00 
It  Wit  obvious  that  if  the  Kms  by  vaporisation  in  one  case  embraoed  all  tiM 
DMroory,  it  indnded  some  of  the  lead  in  the  second. 
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The  mercury  was  detenxuDed  by  treating  the  bar  with  diluted 
nitric  acid,  and  stopping  the  action  as  soon  as  the  mass  aasumed  a 
globular  form.  By  this  process,  the  lead,  being  a  more  highly  electro- 
positive body,  was  first  dissolved ;  ahd  there  remained  of  the  solid 
metal  only  so  much  as  belongs  to  the  liquid  amalgam,  which  was 
found  not  to  exceed  two  per  cent. 

The  lead  in  the  second  analysis  was  determined  as  sulphate. 

The  drawn  bar,  which,  when  removed  from  the  mercury,  was  so 
brittle  as  to  be  readily  broken  by  an  effort  suddenly  to  bend  it,  after 
the  partial  loss  of  the  mercury  by  volatilization  as  already  remarked, 
recovered  nearly,  if  not  altogether,  its  original  texture  and  toughness. 

A  cast  bar,  the  surface  of  which  was  not  scraped,  after  a  little 
time,  lost  no  more  of  its  mercury,  as  the  following  weighings  show : 


Weight 

4.0476  gr. 

Difference. 

20  days  later, 

8,9971  " 

— O.0506  gr. 

10     "      " 

8,9975  - 

+0.0004  " 

10    "      " 

8,9978  " 

+0,0008  " 

At  first  the  mercury  on  the  outside  and  ends  was  at  the  surface 
volatilized.  The  crystalline  amalgam  prevented,  thereafter,  the  es- 
cape of  the  mercury. 

X.  What  is  the  constitution  of  the  amalgam  johich  flotos  through 
the  bar? 

A  determination  by  precipitation  of  the  sulphate  of  lead  from  the 
nitric  acid  solution,  g^ive,  in  2,7348  gr.  of  amalgam, 

0,1008  gr.  of  sulphate  of  lead, 
=  2,52  per  cent  of  lead  ; 
leaving  97,48  per  cent  of  mercury*. 

An  analysis  of  the  solid  crystalline  amalgam  which  formed  about 
the  bar  where  in  contact  with  mercury,  gave 

*  By  heating  a  portion  of  the  liquid  amalgam  under  carbonate  of  soda,  cyanide 
of  potasBium,  and  sand,  there  wai  obtained, 

Lead 1,98 

Leaving  mercury  ,  98,02 

100,00 

This  determination  ia  liable  to  the  criticiBm  already  made  upon  this  mode  of 
analysis.  It  has  value  as  a  qualitative  result 
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Of  lead 36,03  per  cent. 

of  mercury •  63,97 

100,00 

XI.  What  change  toiU  the  saturated  bar  experience,  long  in  contact 
toith  mercury? 

A  straight  bar  0,040""  long,  placed  erect  in  mercury,  was  soon 
saturated  throughout  No  sensible  change  in  its  texture  took  place, 
till,  at  the  end  of  194  days,  the  portion  just  below  the  summit  began 
to  enlarge  and  crack  open,  displaying,  at  the  end  of  a  few  days, 
crystallized  angles  and  surfaces  in  the  interior.  The  crystallization 
continued  for  ninety  days,  when  the  observations  were  terminated. 

All  the  vertical  bars  that  from  the  commencement  of  experiment 
had  remained  standing  in  the  mercury  nearly  equal  periods,  cracked 
open  more  or  less  throughout  their  entire  length. 

The  syphons  employed  in  experiments  under  inquiry  (v),  after 
having  been  withdrawn  from  the  mercury  forty-four  days,  on  being 
returned,  did  not  promptly  permit  the  quicksilver  to  flow  through ; 
but  after  forty-one  days,  began  to  crack  :  twenty-six  days  later,  the 
mercury  resumed  its  flow. 

The  velocity  of  transmission  was  greatly  diminished.  In  sixty 
days  there  fell  only  11,4604  grammes.  The  texture  of  the  bar,  and 
the  play  of  aflinities  had  both  changed. 

XII.  Does  the  bar  expand  at  once  upon  becoming  saturated  toith 
mercury! 

A  piece  of  ^inch  lead  tube  was  split  open,  flattened  and  scraped 
bright,  and  its  length  having  been  accurately  ascertained  (0,198°"°), 
mercury  was  spread  over  its  entire  upper  surface,  care  being  taken 
to  avoid  the  points  where  admeasurement  had  been  made,  and  where 
expansion,  if  it  occurred,  was  to  be  observed. 

When  the  mercury  had  penetrated  to  the  lower  surface  of  the 
bar,  admeasurement  was  again  made. 

The  bar  had  not  perceptibly  increased  in  length,  nor  did  it  in  the 
first  ten  days  after  the  saturation  with  the  mercury. 

ExperiraentB  with  Tin. 

The  fact  that  tin  is  permeable  to  mercury,  was  noticed  by  Daniell. 
The  following  inquiries  were  submitted  to  experiment : 
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I.  Is  the  specific  gravity  increased  hy  being  saturated  with  mercury  f 
The  experiment  was  made  with  tin  before  it  began  to  crystallize, 

and  after  the  crystallization  had  apparently  come  to  an  end. 
Specific  gravity  of  pure  tin  employed  in  the  experiment,  7,29 

of  tin  saturated  with  mercury 7,50 

of  tin  and  mercury  (crystallized  amalgam),  8,00 

II.  What  is  the  velocity  of  transmission  of  mercury  through  tm  t 
The  bars  used  in  the  following  experiments  were  cast  in  paper 

moulds,  surrounded  by  dry  sand. 

A  bar  0,006""  in  diameter  was  placed  in  mercury  baring  0,185"" 
above  the  surface  of  the  liquid  metal. 

The  mercury  ascended  as  follows  ; 

In  the  1st  day 0,010  mm. 

2d  day 0,010  " 

3d  day 0,010  « 

4th  and  5th  days  . . .  0,022  " 

6th  day    0,013  " 

7th  day    0,013  " 

8th  day    0,013  " 

At  the  end  of  six  days  the  bar  began  to  crack  open  at  the  bottom* 

In  fifteen  days  the  mercury  reached  the  top  of  the  bar,  0,185""; 
making  for  the  last  seven  days  a  velocity  of  0,013^""  per  day. 

ITie  movement  of  the  mercury  in  tin  differs  greatly  from  that  of 
lead  :  in  the  latter,  the  progress  is  by  a  sort  of  inverse  geometrical 
ratio ;  in  the  former,  it  is  remarkably  unifi)rm. 

A  second  bar  was  fitted  to  the  top  of  the  first,  and  secured  in  a 
tube  by  means  of  corks,  so  as  to  preserve  the  contact.  The  mercury 
continued  to  rise  through  several  days,  and  attained  a  total  increased 
elevation  of  0,217"".  Before  the  mercury  had  entirely  ceased  to  as- 
cend, the  bar  below  opened  into  numerous  fissures,  and  the  entire 
column  of  amalgam  became  eminently  brittle. 
•  Crystallization  arrests  the  play  of  affinities  upon  which  the  ascent 
of  the  mercury  depends. 

III.  Does  tin  permit  the  syphon  action  t 

A  bar  of  0,006""  diameter,  0,185""  total  length,  was  bent  into 
syphon  form,  and  the  shorter  division  placed  in  mercury.  In  fifteen 
days  the  mercury  dropped  from  the  bar  :  in  two  days  more,  tiie  bar 
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broke  of  its  own  weight.  The  brittleneas  of  the  saturated  tin  bar, 
taken  in  connection  with  the  more  rapid  crystallization,  made  it  im- 
possible to  perform  the  serial  experiments  undertake]!  with  lead. 

IV.  Does  mercury t  saturated  with  lead,  flow  through  tin  hars  f 
A  syphon  of  0,170™°  total  length,  was  placed  in  a  cup  containing 
mercury  that  had  run  through  lead.  In  due  time  the  liquid  issued 
from  the  longer  leg  of  the  syphon.  Upon  analysis,  the  liquid  w&5 
ibund  to  consist  of  only  tin  and  mercury ;  the  lead  had  been  left 
behind.  In  the  bottom  of  the  cup  was  found  a  crystallized  amalgiun 
of  tin  and  lead. 

y.  What  is  the  constitution  of  the  solid  crystallized  amalgam  — 
the  har  of  tin  saturated  with  mercury? 

Several  determinations  were  made  of  both  mercury  and  tin ;  the 
former  as  sulphide,  the  latter  as  stannic  acid.  The  mercury  determi- 
nations were  uniformly  too  high,  from  the  unavoidable  presence  of 
free  sulphur.    The  tin  analyses  follow  : 

Tin. 
100  parts  of  amalgam  gave    82,9  per  cent. 

82.3  " 

82.4  " 
82,1       " 

82.4  " 
82,9      " 

82.5  •• 

677,6 

Average 82,6  per  cent. 

Leaving  of  mercury,     17,6      " 

These  results  give  very  accurately  the  constitution  (Hg  SuJ,  as  the 
following  numbers  show  : 

Hg       loaoo         VIM         17,50 
Sn,        471,84  85,49  82,50 

671,84        lOOyOO        lOOyOO 

The  amalgam  that  flowed  through  gave 

Tin 1,65  per  cent. 

Leaving  merpury,  98,46      «* 

100,06 
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The  amalgam  that  flowed  through,  leaving  ^e  lead  behind,  gave 

Tin 1,73  per  cent. 

Mercury 98,27      " 

100,00 

VI.  The  har  uf  tin,  as  it  becomes  saturated  with  mercury,  begins, 
as  remarked  above,  to  crystallize. 

If  at  an  early  stage  in  this  crystallization  the  bar  is  bent,  the  out- 
side cracks  off,  revealing  a  pith  as  distinct  as  if  it  had  been  at  first 
cast,  and  then  a  sheath  cast  around  it. 

If  the  crystallization  be  permitted  to  go  on,  the  fissures  penetrate 
to  the  centre  of  the  bar.  Daniell  gbserved  that  a  square  bar  split 
into  triangular  prisms,  the  separating  fissures  following  diagonal 
planes.  If  the  top  and  bottom  of  the  bar  were  rightangled  terminal 
planes,  the  crystallization  freed  a  pyramid  at  either  extreme. 

The  bar  being  irregularly  cylindrical,  the  fissures  were  formed  as 
in  the  case  of  the  prism  -^  along  the  lines  of  least  resistance. 

VII.  Does  the  mercury  volatilize  from  the  saturated  tin  bar  t 

An  affirmative  reply  might  perhaps  have  been  anticipated  from 
the  results  vnth  lead.  In  this,  however,  as  in  other  respects,  the  tin 
and  lead  are  greatly  unlike. 

A  bar  of  tin  saturated  with  mercury  was  weighed  at  intervals  of 
ten  days.  Its  weights  were  as  follows  : 

First 5,2061  grammes. 

After  10  days 5,2061   " 

After  20  days 5,2061    •• 

After  30  days 5,2061   « 

It  crystallizes  very  soon  after  becoming  saturated ;  and  then,  as  in 
the  case  of  the  lead,  volatilization  ceases. 

Experiments  with  Gold. 

The  progress  of  mercury  in  a  bar  of  gold  is  exceedingly  slow. 
This  fact  was  observed  by  Daniell.  Under  favorable  circumstances, 
in  a  strip  of  rolled  American  coin  0,00006°""  in  thickness,  the  mer- 
cury rose  0,008"*°*  in  a  period  of  240  days.  The  surface  of  the  mer- 
cury around  the  gol4  was  coated  with  a  coherent  solid  amalgam. 

Mercury  coming  in  contact  with  gold,  as  is  well  known,  rapidly 
combines  with  it.  The  depth  to  which  the  mercury  penetrates  seems 
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to  be  influenced  by  considerations  something  like  those  which  pre- 
vail with  lead. 

ExperimentB  with  Silver. 

The  progress  of  mercury  in  silver  is  scarcely  more  rapid  than  in 
gold.  It  rose  in  a  strip  of  American  coin  0,00009"'°  thick,  but 
0,0085»"  in  240  days. 

The  circumstance  that  both  the  above  metals  were  rolled,  and  of 
bourse  compressed,  and  the  fact  that  both  were  alloys,  doubtless 
impeded  the  flow  of  the  mercury^. 

Experiments  with  Zinc. 

A  bar  of  zinc  was  cast  in  a  crooked  glass  tube,  so  aa  to  possess, 
without  bending,  th«  requisite  syphon  form.  Upon  being  placed  in 
mercury,  it  rapidly  dissolved  all  below  the  surface  of  the  liquid  me- 
tal. The  mercury,  however,  penetrated  0,0065*^;  and  in  this  condi- 
tion, withdrawn  from  the  mercury,  retained  a  semi-liquid  drop  at 
the  end  of  the  shorter  leg,  250  days,  that  being  the  period  of  obser- 
vation. 

Experiments  with  Cadmimn. 

A  syphon  of  cadmium  was  prepared  in  the  manner  of  the  zinc 
syphon.  It  dissolved  rapidly  in  the  mercury,  but  there  appeared  af- 
ter some  time  an  enlargement  of  the  body  of  the  bar,  0,006""  from 
the  end  of  the  shorter  leg,  which  resembled  that  in  the  bars  of  lead, 
except  that  it  did  not  crack  open. 

Experiments  with  platinum,  palladium,  iron,  copper,  and  brass^'* 
gave  only  negative  results.  The  permeability  of  several  of  these  me- 
tals to  molten  tin,  gold,  and  silver ;  and  of  iron  to  molten  copper,  is 
well  known. 

SUMMARY   OF    RESULTS. 

1.  The  specific  gravity  of  lead  is  increased  by  saturation  with 
mercury. 

2.  The  velocity  of  m^cury  diminishes  as  the  length  of  saturated 
bar  increases,  and  in  a  kind  of  geometrical  ratio; 

^American  gold  coin  contains  900  parts  gold  and  100  parts  silver  and  copper ; 
American  silver  coin,  900    "    silver  and  100    **     copper. 
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3.  The  progress  is  more  rapid  in  cast  than  in  drawn  lead. 

4.  The  total  height  to  which  the  mercury  attains  is  greater  in  east 
than  in  drawn  lead. 

5.  Gravity  facilitates  the  flow  of  mercury  from  above  downward. 

6.  The  mercury  which  passes  through  a  syphon-shaped  bar  of 
lead,  contains  lead  in  solution. 

7.  This  lead  is  derived  from  the  interior  of  the  bar. 

8.  After  the  transmission  of  a  certain  amount  of  mercury,  and 
the  return  of  this  mercury  to  be  passed  again,  the  amount  transmit- 
ted in  a  given  time  attains  a  maximum. 

9.  The  amount  passed  in  given  time,  with  a  given  length  of  the 
shorter  leg  of  the  syphon,  is  dependent  on  the  absorbing  surface 
exposed  to  the  mercury. 

10.  The  syphon  action  is  limited  by  the  same  law  that  determines 
the  height  or  length  of  bar  through  which  mercury  will  pass. 

11»  Mercury  saturated  with  lead  passes  through  leaden  bars. 

12.  The  saturated  bar  is  eminently  brittle. 

13.  The  saturated  bar  contains 

3,55  per  cent  of  mercury,  and 
96,45  per  cent  of  lead. 

14.  The  bar  saturated  with^  and  afterward  vrithdrawn  from  the 
mercury,  in  seven  months  lost  by  atmospheric  diffusion 

2,75  per  cent  of  mercury ; 
leaving  only  0,80  per  cent  in  the  bar. 

15.  In  this  condition,  the  bar  had  nearly  recovered  its  original 
texture. 

16.  After  the  loss  of  a  certain  amount  by  diffusion,  the  surface 
becomes  coated  with  crystalline  amalgam,  and  the  diffusion  ceases. 

17.  The  liquid  amalgam  contains  2,52  per  cent  of  lead. 

18.  The  saturated  bar  long  in  contact  with  mercury  assumes  a 
crystalline  texture,  and  cracks  open. 

19.  After  crystallization  commences,  the  progress  of  the  mercury 
is  still  more  impeded. 

20.  The  specific  gravity  of  tin  is  increased  by  saturation  with 
mercury. 

21.  The  saturated  bar  soon  opens  by  numerous  fissures,  present* 
ing  crystalline  angles  and  surfaces. 

22.  The  specific  gravity  of  the  crystallized  amalgam  is  greater 
than  that  of  the  bar  merely  saturated  with  mercury. 
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23.  The  velocity  of  transmission  of  mercury  through  tin»  is  at 
first  slower  than  that  through  lead ;  but  it  differs  in  being  uniform^ 
while  the  velocity  in  lead  rapidly  diminishes. 

24.  The  syphon  action  in  a  tin  bar  cannot  be  long  maintained,  on 
account  of  the  crystallization  and  consequent  brittleness  of  the  bar. 

25.  The  crystalline  amalgam  has  a  constitution  of  (HgSng). 

26.  The  liquid  amalgam  contains 

98.55  per  cent  of  mercury,  to 
l,i5  per  cent  of  tin. 

27.  The  crystalline  amalgam  loses  nothing  by  atmospheric  diffu* 
sion. 

28.  Quicksilver  permeates  gold  and  silver,  but  very  slowly. 

29.  Zinc  and  cadmium  are  permeable  to  mercury,  but  dissolve 
in  it 

30.  Iron,  .platinum,  palladium,  copper,  and  brass,  are,  at  common 
temperatures,  not  permeable  to  mercury. 

NoT&  I  am  indebted  for  most  of  the  foregoing  analyses  to  Homxb,  John  Haoub, 
William  Hagu^  Masineb,  Dwioht,  WoBOEffTER  and  I>eaw,  pupils  in  my  laboratory, 
who  have  kindly  co-operated  with  me  in  promoting  the  research. 

K  K  HORSFOED. 


8.  On  Cohesion.    By  Prof.  Joseph  Henrt,  Secretary  Smithsonian 

Institution. 

[Not  received,] 


9.  On  the  Plasticfft  of  SuLPHtJR.    By  Pro£  E.  N.  Horsforo, 

of  Harvard. 

If  must  have  attracted  the  attention  of  many  chemists,  that  when 
a  nitric  acid  solution  of  copper,  nickel  or  cobalt,  with  excess  of  acid, 
is  precipitated  by  a  current  of  hydrosulphuric  acid,  the  precipitate 
takes  <m  a  singrular  plasticity  and  elasticity,  resembling  that  of  sul- 
phur when  suddenly  cooled  from  an  elevated  temperature  by  im- 
mersion  in  water. 
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The  cause  of  this  peculiar  property  I  have  sought  byexperiment. 
Solutions  of  many  metallic  salts  besides  those  above  enumerated, 
including  iron,  zinc,  and  mercury,  in  excess  of  nitric  acid,  when 
treated  with  a  current  of  hydrosulphuric  acid,  gave  precipitates  of 
the  above  character.  It  was  obvious,  therefore,  that  the  kind  of  metal 
was  of  no  importance,  and  I  made  the  experiment  with  pure  nitric 
acid.  The  acid  was  prepared  by  distilling  from  nitrate  of  potaasa 
with  English  oil  of  vitriol  :  it  was  fuming,  and  of  a  deep  green  color, 
from  the  presence  of  hyponitric  and  nitrous  acids; 

I.  Through  the  concentrated  acid,  a  current  of  hydrosulphuric 
acid  was  passed.  There  followed  promptly  a  precipitate,  at  first 
yellow,  ^th  immediate  elevation  of  temperature  to  95°  C,  This  was 
sufficient  to  melt  a  portion  of  the  sulphur  precipitate,  and  impart 
to  it  an  orange  red  or  slightly  brownish  tint.  The  sulphur  had  the 
elasticity  and  plasticity  above  noticed. 

II.  Another  portion  of  acid  was  diluted  with  an  equal  volume  of 
water,  and  a  current  of  hydrosulphuric  acid  passed  through  it.  It 
yielded  a  si;aiilar  result,  without,  however,  any  portion  of  it  assuming 
the  reddish  tint, 

III.  The"  lid,  diluted  with  an  equal  volume  of  water,  making  a 
solution  of  one  of  concentrated  nitric  acid  to  three  of  water,  gave  a 
similar  result,  though  the  sulphur  was  less  decidedly  plastic. 

IV.  The  Illd  solution,  with  an  equal  volume  of  water,  making  a 
solution  of  one  of  nitric  acid  to  seven  of  water,  was  similarly  treated, 
and  gave  a  like  result. 

V.  Contained  one  of  acid  to  fifteen  of  water  :  it  gave  still  a  viscid 
precipitate. 

VI.  Containing  one  of  acid  to  thirty-one  of  water,  gave  a  precipi- 
tate, but  it  was  not  coherent. 

From  experiments  I  and  II,  it  is  inferred  that  the  same  conditions 
were  present  that  occur  in  the  fusion  of  sulphur.  The  source  of  heat 
is  intense  chemical  action  :  in  the  first  experiment,  it  was  adequate 
to  fuse  considerable  masses  of  the  sulphur ;  in  the  second  experi- 
ment, enough  at  the  instant  of  the  precipitation  to  confer  upon  the 
sulphur  its  plasticity.  In  the  experiment  where  an  extremely  diluted 
solution  was  employed,  the  heat  was  so  feeble  as  to  permit  the  sul- 
phur to  fall  in  the  form  of  incoherent  powder. 

The  sulphur  recovered  its  brittleness  only  after  several  days,  as 
has  been  remarked  of  fused  sulphur  cooled  by  immersion  in  water. 
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10.  On  the  Solar  Light.    By  Daniel  VaughaNi  of  Ginciiuiati. 
[Not  received.] 


11.    Experimental  Researches  tending  towards  an  Improve- 
ment OF  the  Telescope.    By  Prof.  Alexander  C.  Twining. 

If  it  be  a  fact  in  the  prevailing  classification  of  stars  relatively  to 
their  orders  of  magnitude,  that  the  light  of  each  inferior  order  closely 
approximates  to  one  half  that  of  its  next  superior,  we  may  ascertain, 
by  comparing  the  performance  of  exquisitely  wrought  telescopes 
with  the  performance  o£  the  unassisted  eye,  whether  any  large  frac- 
tion of  light  is  lost  in  the  artificial  instrument.  Having  occasion, 
some  years  ago,  to  make  this  comparison  for  an  immediate  practical 
purpose,  I  found,  from  the  best  data  then  attainable,  that  the  choicest 
glasses  fell  short,  in  their  recorded  penetrative  power,  by  two  or 
three  entire  orders  of  magnitude,  of  the  perfijrmance  to  be  expected ; 
taking  the  eye  as  a  standard,  and  supposing  no  other  considerable 
loss  of  light  than  that  by  absorption  and  the  surface  reflections.  This 
supposed  progression  of  stellar  light  compared  with  magnitude  was 
indeed  too  indefinitely  established  to  form  an  element  for  any  positive 
conclusion,  especially  one  so  broad  as  would  be  intimated  by  the 
foregoing  comparison ;  namely,  that  ofdy  one-eighth  or  tenth  of  the 
light  ie  avaxUMefor  vision  in  the  beet  achromatice  :  still  such  a  result 
might  justly  give  additional  interest  to  an  experiment  which,  for 
analogous  reasons,  I  was  about  to  attempt. 

The  observations  and  trials  following  were  made  in  March  1847, 
with  a  doUond  of  3^  inches  aperture,  belonging  to  the  apparatus  of 
Middlebury  College.  By  frequent  previous  use  of  the  instrument, 
and  some  general  tests,  I  had  satisfied  myself  of  its  medium  quality 
at  least ;  and  no  fault  in  respect  of  achromaticity  was  observable. 
The  object  glass,  when  closely  examined  with  a  magnifier,  exhibited 
many  minute  opaque  spots  dispersed  in  one  of  the  lenses,  but  not 
occupying  any  considerable  area  in  the  aggregate* 
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Upon  the  wall  of  a  dark  room,  an  opened  window  of  which 
looked  out  upon  a  rising  ground  some  quarter  of  a  mile  distant,  I 
placed,  opposite  the  window,  the  title  cut  from  a  newspaper  called 
the  •*'  Vermont  Chronicle,"  printed  in  distinct  and  sharp  german 
text  charactei?.  The  hlack  strokes  of  the  (m),  or  ordinary  letters, 
not  capitals,  were  one  tenth  of  an  inch  broad  and  six  tenths  long. 
This  title  I  illuminated  at  a  slight  angle  by  a  covered  light  at  a 
graduated  distance,  and  viewed  it  at  the  same  angle  on  the  other 
side  the  perpendicular,  to  avoid  interference,  and  yet  obtain  nearly 
a  normal  view.  This  last  line  of  view  would,  when  prolonged  through 
the  open  window,  strike  a  commodious  situation  upon  the  distant 
rising  ground  before  mentioned. 

Viewing  the  title  through  a  tube  whose  aperture  next  the  eye  was 
0,16**  in  diameter,  one  could  decide  that  its  first  distinct  reading  was 
practicable  from  a  distance  of  thirteen  feet,  when  the  light  had  ap- 
proached to  eleven  feet.  The  eye-piece,  whose  power  had  been 
previously  ascertained  to  be  100,  was  now  screwed  upon  its  tube ; 
and  the  spot  of  observation  was  transferred  to  the  rising  ground  at 
100  times  the  distance,  or  1300  feet  by  measurement  made  before- 
hand. The  night  was  calm  and  dark,  and  the  open  window  afforded 
an  unobstructed  line  of  sight  to  the  illuminated  object,  and  at  the 
same  angle  as  the  eye  view.  The  circumstances,  therefore,  of  thia 
second  view,  especially  the  leading  one  of  the  vuual  angle,  would  be 
unchanged  from  the  first,  except  as  affected  by  the  transit  through 
thirteen  hundred  feet  of  air,  and  through  the  telescopic  arrangement ; 
exact  equality  of  field  being  unimportant. 

By  signals,  an  assistant  in  the  chamber  was  instructed  when  and 
by  what  degrees  to  move  the  light  towards  the  object.  So  much 
beyond  the  expected  amount  of  illumination  was  requisite,  that  the 
nearest  extremity  of  the  range  was  occupied,  and  the  title  was  not 
yet  legible.  Apparently,  however,  the  verge  was  just  reached  ;  and 
this  impression  was  confinned  by  a  subsequent  repetition  of  the 
observation,  with  some  changes.  The  light  was  found  at  nine  inches 
of  distance  by  measurement,  and,  being  carefully  tested,  exhibited 
•  an  unchanged  intensity  compared  with  the  beginning. 

From  the  identity  of  the  visual  angle  in  the  near  and  the  distant 
view,  it  follows  that  any  given  poition  of  the  field  would  cover  the 
same  or  an  equal  area  of  the  retina  in  both.  The  absolute  illumina- 
tions of  the  object  were,  relatively,  as  the  inverse  squares  of  the 
distances  11  feet  and  9  inches,  or  as  215  to  unity.  Of  this,  only  the 
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ten-thousandtli  part  would  reach  the  object  glass,  by  reason  of  the 
hundredfold  distance.  But,  again,  the  area  of  the  glass,  compared 
with  the  aperture  of  the  eye  tube  used  for  the  near  view,  was  in  the 
duplicate  ratio  of  3^^  to  0,16^  or  412^  times  the  greater  ;  yet  the 
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rays  between  the  object  glass  and  fecus,  and  in  crossing  at  the  focns. 
Second,  a  division  of  light  at  the  focus,  arising  from  imperfections 
of  workmanship  and  material.  Third,  the  chromatic  aberration  of 
the  eye-pieces  in  common  use. 

It  is  remarkable  that  the  best  optical  authors  treat  of  these  eye- 
pieces—the positive  and  the  negative— as  achromatie  (that  of  Rams- 
den  partially,  and  that  of  Huyghens  perfectly),  without  apprising 
the  reader,  or  appearing  themselves  to  be  aware,  that  it  is  only  in 
their  capacity  of  field-glasses  that  this  property  can  be  justly  ascribed 
to  them.  In  bending  the  pencils  or  brushes  of  light,  which  would 
otherwise  escape  the  eye,  towards  and  into  one  space  not  larger  than 
the  pupil  of  the  eye,  color  would  of  course  be  manifested  laterally 
by  any  single  lens.  The  combinations  abo^e  spoken  of  correct  this 
lateral  imperfection— Ramsden's  partially,  and  Huyghens's  perfect- 
ly; but  with  respect  to  that  convergent  and  divergent  refraction 
which  forms  images,  or  reduces  pencils  to  beams  for  ocular  reception 
and  refraction,  not  only  there  is  no  correction,  but  one  lens  accumu- 
lates its  aberration  or  color  upon  the  other.  This  is  obvious  from  the 
fact  that  the  more  refrangible  rays,  which  should  be,  for  the  purpose 
of  correction  by  the  eye  lens,  nearest  that  lens,  ai'e  really  farthest 
from  it.  On  this  account  the  light  from  absolute  physical  points  of 
the  telescopic  focal  image,  which  should  be  collected  into  absolute 
physical  points  on  the  retina,  is  in  fact  diffused  into  minute  circles 
around  them. 

A  physical  point  on  the  retina  may  be  conceived  of  as  any  area 
within  which  the  entire  light  is  effective  in  a  single  direction  without 
appreciable  diminution.  If  the  retina  be  a  network  of  similar  chords 
receiving  impulses,  and  made  vibratory,  as  the  principle  and  basis  of 
vision,  then  a  physical  point  would  be  closely  of  a  diameter  equal  to 
half  the  diameter  of  a  circular  section  of  one  of  the  chords.  A  dif- 
fusion into  any  space  much  exceeding  this  would,  of  course,  sensibly 
commingle  directions  and  impair  vision.  In  other  words,  visual  effect 
is  dependent  on  concentration  of  light.  If  physical  points  were  ma- 
thematical points,  the  slightest  diffusion  would  annihilate  visual  effect, 
by  infinitely  diluting  the  light;  but,  although  not  mathematical 
points,  these  may  be  so  minute  that  the  diffusion  created  by  chromatic 
aberration  of  an  eye-piece  can  enfeeble  visual*  effect  to  an  extent 
never  yet  suspected. 

An  illustration  of  these  views,  and  a  confirmation  of  the  main  fact 
alluded  to,  may  be  instanced  in  the  performance  of  telescopes  not 
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achromatic.  One  philosopheri  at  least,  baa  expressed  his  surprise  at 
the  distinctness  and  visibility  of  images  formed  by  object  glasses  of 
one  kind  of  glass  only.  In  his  view*  the  explanation  is  found  in  a 
great  superiority  of  certain  rays  of  the  spectrum  above  the  rest  in 
exciting  vision.  The  true  explanation,  however,  is  doubtless  supplied 
by  the  preceding  fact  or  principle.  Assume  a  crown  glass  object  lens 
of  three  feet  focal  distance.  The  rays  which  would,  by  a  uniformity 
of  refractive  index,  be  concentrated  into  a  point,  are,  by  chromatic 
aberration,  disposed  in  numberless  focal  points  all  along  an  axial 
line,  for,  say  one  inch  and  a  quarter.  But,  in  traversing  this  last 
extent,  the  focus  of  the  eye  lens  is,  anywhere,  in  place  foi*  a  certain 
small  part  of  the  rays  to  be  collected  at  and  very  near  to  a  physical 
point  on  the  retina,  while  the  mass  are  diffused  all  around.  But  the 
visual  effect  of  concentrated  light  so  vastly  transcends  that  of  diffused 
light,  that  even  the  small  pencils  referred  to  overcome  the  far  greater 
balance  that  remains,  and  rise  superior  to  their  confusing  and  ob- 
literating effect. 

Employing  the  front  or  illuminating  lens  of  a  solar  microscope  as 
an  object  glass,  and  a  single  lens  of  1,10  focal  distance  as  an  eye 
glass,  I  constituted  a  temporary  telescope  of  uncorrected  refraction. 
It  had  4^  inches  aperture,  about  27  inches  focal  distance,  and  nearly 
25  of  magnifying  power.  With  this  planted  on  a  window  seat,  I 
viewed  against  the  sky  the  vane  and  dark  cross  work  of  a  spire  half 
a  mile  distant,  illuminated  by  sunlight  coming  from  behind  my  sta- 
tion. Pushing  forward  or  drawing  back  my  eye  lens,  I  found  the 
entire  range  of  vision  to  be  very  nearly  the  computed  axial  extent 
of  chromatic  and  spherical  aberration  combined.  At  and  near  the 
extremes,  vision  was  of  course  indistinct ;  but  for  two-thirds  of  the 
range,  there  gleamed  from  the  central  bosom  of  the  gorgeous  cloud 
of  commingling  and  ever-changing  halos  of  dispersed  light,  a  clear 
image  of  the  vane  and  spire.  The  practical  conclusion  is  irresistible : 
if  rays  insignificant  in  number  compared  with  the  mass,  can,  when 
concentrated,  stimulate  distinct  vision  in  direct  contrariety  to  anta- 
gonist rays  in  immensely  greater  numbers,  then,  conversely,  the  effect 
of  diffused  light  in  great  quantities  may  be  inferior  to  that  of  con- 
centrated light  in  trifling  quantities ;  or,  the  quantity  of  light  being 
given,  a  trijling  d^usian  may  very  perceptibly  and  injui^omly  enfeeble 
visual  efficacy. 

This  exhibits  the  gross  and  general  issue ;  but  to  a  specific  and 
unhesitating  conclusion,  measured  results  were  necessary.  From  the 
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inyestigatioii  of  degrees  on  this  delicate  topic  one  might  Bhrink,  nnleas 
supplied  with  the  best  arrangements  from  the  hands  of  finished  opti- 
cians. I  in  fact  approached  it  with  an  illuminating  apparatus  mounted 
at  a  cabinet  shop,  and  my  pgeudomarphic  telescope  fitted  with  eye- 
tubes  and  sliding  orifices  by  a  common  tinman. 

The  illuminating  apparatus  was  a  prism  set  into  an  orifice  in  a 
window  shutter  of  a  large  philosophical  room,  from  which  all  light 
from  other  sources  was  excluded.  The  prism  was  movable  around 
its  own  axis  and  one  perpendicular  to  it,  and,  by  total  reflection, 
threw  a  beam,  under  proper  changes  of  adjustment,  upon  a  given 
locality  at  the  further  extremity  of  the  chamber.  Here  was  placed  a 
clearly  printed  page  of  specimen  type  in  ordinary  roman  letter,  and 
all  secondary  illumination  was  cut  off  by  screens  properly  placed. 
This  page,  of  about  two  inches  square,  containing  a  passage  from  a 
latin  author,  was  read  at  two  feet  distance  by  the  naked  eye  through 
an  aperture  of  0,15'",  and  with  the  lowest  illumination  compatible 
with  legibility.  It  was  then  inverted  and  read  at  twenty-five  times 
the  distance,  or  50  feet,  with  a  power  of  25 ;  and  therefore  under 
the  same  visual  angle  as  at  first.  The  focus  of  the  eye-piece  in  this 
reading  was  always  at  the  most  illuminated  or  effective  spot  in  the 
focal  spectrum  of  the  object  glass ;  which  was  found  to  be  0,38" 
from  the  red  extremity  of  a  spectrum  1,13*"  long,  including  spherical 
aberration ;  which  coincides  exactly  or  nearly  with  the  spot  of  ma- 
ximum illumination  in  Sir  David  Brewster's  figured  spectrum,  as 
found  in  Dr.  Bache's  edition  of  his  Optics.  A  sliding  orifice  inter- 
posed between  the  focus  and  the  object  glass,  varied  the  quantity  of 
beam  admitted  to  the  eye,  simply  by  being  pushed  forward  or  drawn 
backward.  Not  to  multiply  particulars,  I  may  observe,  that  by  ex- 
periments made  on  the  16  th  and  18th  of  October  in  the  year  first 
mentioned,  the  two  actual  quantities  of  light  admitted  to  the  eye  in 
the  distant  or  telescopic  view  were,  respectively,  69^  times  and  82} 
times  the  same  in  the  near  view,  or  by  the  eye  alone  through  the 
small  aperture.  As  an  average,  we  may  take  the  number  76,  and 
conclude  that  ^th  parts  approximate  to  the  light  which  was  in- 
efficacious, and  -^h  part  to  that  which  was'  effective. 

I  pause  here  to  say  that  whenever  these  experiments  shall  be 
repeated  with  means  and  arrangements  more  refined  and  complete, 
the  ratio  above  given  will  of  course  be  found  only  an  approximation 
of  the  rudest  description,  because  my  opportunities  partook  of  that 
character.   In  marking  and  clearing  out  the  first  path  under  such 
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circumstances,  one  who  invites  the  severest  scrutiny  into  his  pro- 
cedures, as  to  principle  and  a  promise  of  utility,  is  entitled  to  expect 
also  great  indulgence  in  the  range  of  unavoidable  errors. 

The  illumination  at  that  point  of  the  solar  spectrum  where  it  is  a 
maximum,  appears  to  be  2,4  the  average  illumination  throughout  as 
modified  by  spherical  aberration.  One  seventy-sixth  part,  therefore, 
of  the  light  of  a  focal  spectrum  would  emanate  from  the  x^.T^ 
part  of  its  total  length  at  and  near  the  spot  of  maximum  illumination, 
if  that  alone  were  effective  and  the  remainder  lost.  As  the  total  length 
in  this  instance  was  1,03  inches,  all  the  effective  light  might  emanate 
from  points  comprehended  in  a  linear  space  of  0,0056",  or  0,0028  in 
each  direction  from  the  focus  of  the  eye  lens.  As  the  orifice  which 
admitted  the  light  was  0,64'"  in  diameter,  and  at  the«distance  6,70" 
in  front  of  the  focus  (or  as  1  :  10,46),  it  appears  that  the  diameter  of 
the  smallest  circtdar  space  transmitting  the  same  light  was  0,00027**. 
The  focal  distance  of  the  eye  lens  was  1,10";  from  which  we  have 
the  ratio  of  unity  to  0,00025,  or  ^^j^th,  subtending  of  course  an 
angle  of  51^^'  of  a  degree. 

It  is  desired  now  to  compare  this  with  the  angular  chromatic 
aberration  of  the  eye-pieces  in  the  dollond  experimented  with  from 
the  1300  feet  distance,  as  named  in  the  beginning  of  this  article.  In 
that  telescope,  the  extreme  refractions  by  the  negative  eye-piece 
were  at  least  9^°  ;  but  as  the  eye  would  seize  upon  the  prominent 
rays,  we  may  halve  the  aberration  angle,  and  average  in  the  whole 
pencil  3^°  mean  refraction.  The  eye-piece  would  therefore  give  a 
^^hromatic  aberration  of  ^th  part  of  the  same,  or  380''  of  a  degree; 
or  7,38  times  as  great  in  diameter  as  the  circle  of  effective  vision, 
and  over  50  times  as  great  in  area.  This  is  a  species  of  conventional 
comparison,  from  which  no  absolute  numerical  result  can  be  un- 
erringly deduced ;  but  it  may  suffice  to  evince  the  strong  probability 
of  a  considerable  injury  by  the  employment  of  eye-pieces  which  are 
not  properly  and  fully  achromatic.  The  importance  of  such  a  conclu- 
sion, if  correct,  lies  in  this  ;  that  a  prospect  is  thus  opened  of  effecting 
as  great  penetrative  or  visual  power  in  the  telescope  by  the  employ- 
ment of  eye-pieces  truly  achromatic,  as  by  enlarging  the  object  gUut 
with  the  ordinary  eye-pieces.  The  chromatic  aberration  of  converging 
or  diverging  refractions,  it  may  be  easily  made  to  appear,  can  be 
completely  eliminated  by  two  lenses  of  the  same  kind  of  glass ;  or, 
probably,  by  the  two  surfaces  of  a  single  lens  of  considerable  thick- 
ness. The  other  or  field  aberration,  it  is  true,  will  remain  for  objects 
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upon  which  the  telescope  is  not  truly  centered ;  .but,  since  the  em- 
ployment of  regular  equatorial  motions,  this  last  has  ceased  to  possess 
its  former  importance  in  a  scrutiny  of  minute  points  of  sight. 

Leaving  here  this  subject  to  the  candor  and  the  skill  of  those  who 
have  leisure  and  means  to  prosecute  such  investigations  through  the 
last  degrees  of  refinement,  I  proceed  to  discuss  and  supply  one 
essential  element  of  a  complete  investigation  of  this  topic  :  I  mean 
the  equation  of  the  curve  of  visual  effect,  and  to  hint  at  one  mode  of 
its  employment. 

DTVaBTlGAnON. 

Let  A  be  a  point  on  the  retina,  on  which  the 
.  visual  effect  of  a  given  ray  or  element  of  light  -may 
be  called  unity  (1).  At  certain  distances,  near  and 
around  A,  we  know  that  diffused  light  assists  visual 
effect  at  A.  A  ray  at  b,  for  instance,  would  in  some 
degree  coincide  in  effect  with  one  at  A.  But  at  a  certain  distance,  as 
at  c,  light  begins  to  be  injurious ;  and,  beyond  that  distance,  becomes 
more  and  more  so,  until  at  a  certain  other  distance  the  injury  assumes 
a  condition  of  decrease  indefinitely  continued,  but  never  arriving  at 
zero. 


A 


B^  JVb^ 


-  X 


Let  then  CBAB'C  be  the  curve  representing  the  relation  of  visual 
effect  to  distance  from  the  central  point  on  the  retina.  Let  y,  one 
ordinate,  represent  that  visual  effect  of  a  given  ray  at  the  co-ordinate 
distance  a;  or  — »  from  the  point.  According  to  the  preceding  known 
facts,  y  is  a  maximum  at  A,  or  when  x  is  0.  At  a  certain  distance 
it  is  neutral,  and  the  curve  at  B  crosses  the  line  of  co-ordinates  x. 
Thence  y  becomes  negative ;  finds  a  maximum ;  and  then  diminishes 
vnthout  limit,  but  still  negative. 

The  values  of  y  for  a  given  numerical  value  of  a;,  whether  positive 

or  negative,  are  the  same ;  and  therefore  the  curve  has  two  similar 

and  equal  branches,  and  y,  when  developed  in  terms  of  a;,  contains 

no  uneven  power.    Let 

_  A+Bg»-f-,,,,Zg» 

^  "  A'+B'aj»+....Z'»-+-' 
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in  which  the  denominator  must  rise  to  one  power  at  least  of  x'  above 
the  numerator,  in  order  that  y  may  be  0  when  x  is  infinite.  The 
four  known  requisites  or  conditions  therefore  confine  the  equation  to 

putting  y  as  1  at  the  point  A,  or  when  a;  is  0 ;  and  a,  B,  and  e  as 
mere  symbols  of  numerical  value  whose  essential  signs  are  all  in- 
dicated. 

This  expression  might  appear  to  have  more  maxima  and  minima 
than  three,  which  would  be  inadmissible.  Its  differential,  however, 
taken  at  0,  conducts  to  the  equation 


a      ^  a' 


^=z±^^+«±* 


ac 

in  which  the  radical  part  ofx  may  always  be  greater  than  the  rational, 
and  give  a^  but  two  real  values.  These  two,  moreover,  are  numeri- 
cally equal  (positive  and  negative),  and  give  the  co-ordinate  value 
of  y  negative. 

The  value  of  the  constants  in  this  equation  must  be  determined  by 
experiment.  That  of  a  is  discovered  by  finding  that  position  of  the 
sliding  orifice  mentioned  before  in  my  experiments,  at  which  the 
least  amount  of  illumination  gives  visibility;  and  then  1 — aa^  =  0. 
The  value  of  b  admits  a  close  approximation  by  diminishing  the  , 
orifice  to  an  extreme,  and  illuminating  intensely ;  in  which  case  we 

have,  very  nearly,  y  =  .    For  c,  more  complication  is  re- 

quisite. 

Again,  this  elementary  equation  conducts  to  an  expression  for  the 
aggregate  effect  of  light  uniformly  diffused  over  a  circular  space  on 
the  retina,  whose  diameter  is  2x,  and  whose  elementary  ray  is  m  ; 
for  we  have  its  differential 

where  ir  represents  the  ratio  3,14159.  This  expression,  having  its 
coefficient  a  rational  fraction,  is  of  course  integrable. 

It  would  be  useless  to  pursue  this  analytical  branch  of  the  subject 
at  present,  since  the  proper  elementary  experiments  are  incomplete. 
The  expressions  and  applications  which  the  foregoing  equation 
involves  will  suggest  themselves  whenever  their  immediate  occasion 
arises.  Two  remarks  alone  suggest  themselves  as  specially  applicable 
in  the  initial  state  of  these  researches. 
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First,  The  test  or  object  of  visibility  should  not  be,  as  in  the  fore- 
going experiments,  a  printed  page  of  coherent  sentences,  but  a  table 
of  promiscuously  composed  numbers,  and  letters  perhaps  inteimixed 
with  the  digits  which  they  most  nearly  resemble.  Different  patterns 
of  uniform  size  and  appearance  should  be  employed,  at  the  election 
of  an  assistant,  and  without  a  clue  given  the  operator  as  to  the  one 
on  which  he  is  experimenting.  The  readings  should  be  as  rapid  as 
the  assistant  can  record ;  and  each  pattern,  and  its  record,  should  be 
filed  together  for  subsequent  attentive  comparison.  The  reading 
should  be  made  nearly  at  the  verge  of  legibility ;  and  the  number 
of  errors  will  afford  a  good  numerical  measure  of— what  might  seem 
to  admit  no  measure  —  legibility. 

Second.  In  the  dollond  employed  for  the  ascertainment  of  light 
lost  and  light  made  available,  a  negative  eye-piece,  magnifying  100 
times,  gave  a  diffusing  effect  upon  the  retina  equal  to  a  focal  diffusion 
by  the  object  glass  over  a  space  of  fully  3 J"  in  diameter ;  the  eye 
being  supposed,  as  before,  to  seize  upon  the  prominent  luminous 
rays,  and  bring  the  remainder  to  a  focus  too  soon  in  part,  and  in 
part  too  remotely.  Perhaps,  therefore,  one  half  the  loss  from  the  two 
combined  was  due  to  the  eye-piece ;  and  if  this  in  fact  was,  as  it 
appeared  to  be,  |^ths  of  the  whole,  a  truly  achromatic  eye  lens  tootdd 
have  made  the  effective  light  fourfold.  The  same  would  be  true  of 
larger  and  finer  instruments,  under  the  same  suppositions ;  except 
as  affected  by  the  ratio  of  aperture  to  focal  distance,  which,  in  my 
small  instrument,  was  greater  than  is  usual  in  the  larger,  and,  ac- 
cording to  my  recollection  (for  1  find  no  record  of  that  circumstance), 
fell  short  but  little  of  ^th  or  ^th.  Other  causes  of  loss,  however, 
may  perhaps  divide  with  the  two  just  mentioned. 


12.    Relation  of  the  Chemical  Constitution  of  Bodies  to 
Light.    By  Prof.  E.  N.  Horsford,  of  Harvard. 

Prof.  Horsford  called  attention  first  to  the  well  known  facts  that 
the  color  of  the  hair  on  animals  varied,  and  was  more  intense  on 
certain  portions  of  the  body.  The  metals  also  had  colors  which  were 
affected  by  their  composition.  The  change  of  their  color  in  summer 
and  winter  was  also  a  well  known  fact.  He  enumerated  many  metals 
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which  changed  their  tints  by  the  simple  process  of  heating.  These 
were  phenomena  which  ought  to  be  investigated  by  means  of  che- 
mistry. The  change  of  tint  is  without  change  in  chemical  composition. 
The  law  appears  to  be  that  metals  pass  from  a  lighter  to  a  darker 
tint.  The  loss  of  water  causes  a  change  from  a  lighter  to  a  darker 
tint.  In  charring  wood,  we  have  a  change  from  a  lighter  to  a  darker 
tint.  He  illustrated  on  the  blackboard  that  blackness  was  the  natural 
color  of  all  non-gaseous  bodies ;  and  he  cited  the  series  of  compounds 
of  gold,  silver,  nickel,  platinum,  tin,  and  other  metals.  He  illustrated 
how  the  compounds  of  the  several  metals,  as  they  became  more 
divided  in  their  molecular  structure,  varied.  He  exemplified  them 
by  the  series  of  compounds  of  lead  with  oxygen,  in  which,  as  the 
oxygen  prevailed,  the  colors  became  lighter.  This  was  in  keeping 
with  discoveries  made  by  Liebig,  and  other  eminent  chemists  whom 
he  named. 

Dr.  Draper  had  found  the  tints  to  vary  in  the  order  in  which  the 
metals  had  certain  afEnities,  as  in  barium,  strontium  and  calcium  : 
he  thought  it  was  due  to  the  metals  which  were  at  the  base. 

Blackness  is  appropriate  to  extreme  dissolution ;  and,  in  this 
connection,  it  was  worthy  of  remark  that  many  nations  had  chosen 
that  color  to  express  extreme  grief. 

The  conclusions  of  Prof.  Horsford  wM*e,  that  the  color  of  bodies 
depends  upon  the  extent  of  the  surface  of  their  smaller  particles,  or 
groups  of  atoms.  Transparency  depends  upon  the  arrangement  of 
lesser  atoms  in  certain  order,  constituting  large  groups.  Whiteness 
depends  upon  such  extent  of  surface  of  the  groups  of  atoms  as  shall 
reflect  all  light,  or  upon  such  number  of  these  plates  produced  by 
pulverizing  transparent  bodies  as  will  reflect  all  the  light.  Blackness 
depends  upon  the  subdivision  of  groups  to  such  minuteness  that  they 
no  longer  reflect  light,  or,  by  producing  interference,  destroy  it 
Heat,  by  subdivision,  causes  darker  shades.  He  also  observed,  in  a 
note,  that  there  seem  to  be  successive  scales  of  colors  produced  by 
heat. 

Prof.  Smfth,  of  Louisiana,  did  not  agree  with  Prof.  Horsfbrd  in 
some  of  his  conclusions,  and  showed  that  there  were  numerous  ex- 
ceptions in  the  mineral  kingdom.  There  has  recently  been  discovered 
the  amorphous  or  black  diamond.  The  diamond  is  generally  supposed 
to  be  a  clear,  transparent  substance ;  yet  here  was  a  specimen  of  a 
black  variety,  which  was  proved  by  the  investigations  of  Dufresnoy 
to  contain  98  per  cent  of  carbon.  The  color  of  this  variety  of  dia'- 
mond  proceeded  entirely  from  molecular  structure. 
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13.  Additional  Facts  respecting  the  Subjbctite  Vision  of  the 
Arteries  of  the  Retina.    By  Edward  Hitc hoock,  Jr. 

The  experiment  was  first  perfbrmed  by  Parkinje,  and  succeeds 
best  when  tried  in  the  fi)11owing  manner  :  Let  a  person  in  a  dark 
room,  with  one  eye  shaded,  hold  a  common  candle  within  two  or 
three  inches  of  the  outer  angle  of  the  eye,  and  commence  moving  it 
upwards  and  downwards  about  the  same  number  of  inches,  when  a 
large  picture  of  the  arteries  will  show  themselves  at  a  short  distance 
in  front  of  the  eye.  Sometimes,  besides  the  numerous  ramifications, 
the  insertion  of  the  arteria  centralis  retina  can  be  observed. 

Prof  Wheatstone  considers  "  that  it  is  a  shadow  resulting  from 
the  obstruction  of  light  by  the  bloodvessels  spread  over  the  retina." 

Sir  David  Brewster  offers  a  different  explanation.  He  considers 
"  that  the  light  is  propagated  from  the  luminous  image  of  the  candle 
to  other  parts  of  the  retina ;  and  that  though  the  retina  in  contact 
with  the  bloodvessels  is  sensible  to  direct  light,  it  is  insensible  to 
propagated  light,  and  therefore  the  bloodvessels  are  delineated  in 
obscure  lines." 

The  additional  fact  which  I  would  mention,  is  that  when  an  amount 
of  light  sufficient  to  perform  this  experiment  is  placed  in  a  ^nedi 
position  so  near  the  eye,  the  pupil  contracts ;  whereas,  in  this  ex- 
periment, the  pupil  expands  so  widely  and  suddenly  that  it  leaves 
the  iris  but  a  narrow  belt.  And  if  a  second  person  watch  the  pupil 
of  the  experimenter,  at  the  moment  the  image  appears,  the  observer 
will  notice  a  rapid  and  considerable  enlargement  of  the  pupil,  which 
continues  as  long  as  the  lamp  is  kept  in  niotion. 

Perhaps  these  few  facts,  as  yet  unmentioned,  may  give  some  light 
as  to  the  true  explanation  of  this  phenomenon,  which  as  yet  seems 
unsatisfactorily  accounted  for. 


14.  On  A  New  Form  of  Microscope,  wtth  a  New  Mode  of 
Measurement  of  Dimensions  and  Angles.  By  Professor 
J.  Lawrence  Smfth,  of  the  University  of  Louisiana. 

The  construction  of  this  microsome  is  based  upon  the  principle  of 
placing  the  objective  glasses  beneath,  instead  of  above  the  objects 
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to  be  examined.  The  tube  in  which  the  eyeglass  is,  is  thereby  5° 
from  the  perpendicular,  and  the  ray  of  light  undergoes  a  deflection 
of  140°  before  entering  the  eye.  The  deflection  is  produced  by  a 
four-sided  prism,  with  the  angles  55^,  107®  J,  52°  J,  145°  :  the  ray  of 
light  passing  through  the  objective  glass  down,  into  the  upper  side 
of  the  prism,  it  penetrates  and  is  subjected  to  two  total  reflections, 
and  passes  out  of  the  fourth  surface  upwards,  making  an  angle  of 
35°  with  the  perpendicular.  The  eye  regards,  almost  at  the  same 
moment,  the  object  itself  on  the  stage  of  the  microscope,  and  the 
image  of  the  same  in  the  instrument ;  and  here  the  advantage  of 
the  instrument  is  seen  for  chemical  purposes,  for  which  it  was  origi- 
nally intended.  It  is,  however,  not  confined  to  this ;  for  owing  to 
the  convenience  it  affords  for  arranging  the  illumination,  it  is  well 
adapted  to  much  general  use.  The  new  plan  of  measurement  is  to 
introduce  a  micrometer  into  the  tube  of  the  microscope  at  any  stage 
of  the  observations,  by  means  of  an  arrangement  placed  so  that  the 
micrometer  comes  within  the  plane  of  the  foci  of  all  the  eye-pieces 
used  in  the  instrument.  The  method  of  measuring  the  angles  of 
crystals  is  by  having  a  graduated  circle  in  the  outer  part  of  the  tube 
of  the  micFoscope,  and  passing  from  the  tube  carrying  the  eye-pieces, 
which  has  a  circular  movement  independent  of  that  of  the  graduated 
circle.  The  manner  of  measuring  the  angles  is  as  follows  :  Intro- 
duce the  micrometer ;  turn  the  eye-piece  until  the  lines  on  the  mi- 
crometer are  parallel  to  one  side  of  the  angle  to  be  measured  \  then, 
leaving  the  eye-piece,  turn  the  graduated  circle  until  the  index  on 
the  eye-piece  is  at  zero ;  this  done,  turn  the  eye-piece  until  the  lines 
on  the  micrometer  are  parallel  with  the  other  side  of  the  angle  to 
be  measured,  and,  in  regarding  the  circle,  the  degrees  of  the  angle 
passed  through  will  be  seen.  The  method  is  convenient,  and  more 
precise  than  any  known. 

Prof.  McCuLLOCH  suggested  the  application  of  Soleil's  arrange- 
ment, especially  in  the  examination  of  the  phenomena  of  polariza- 
tion ;  and  he  would  beg  leave  to  suggest  to  Prof  Smith  an  examina- 
tion of  sugar,  as  he  lived  in  a  vicinity  where  that  article  was  manu- 
factured. He  said,  ,with  a  few  more  additional  improvements,  which 
he  suggested,  the  microscope  would  be  almost  perfect. 
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15.  On  the  Apparebtt  Motion  of  Figures  of  cbetain  Colors. 
By  Pro£  E.  Loomis. 

At  the  New-Haven  meeting  of  the  American  Association,  I  do- 
scribed  some  experiments  relating  to  the  apparent  motion  of  a  red 
worsted  figure  upon  a  green  ground,  or  a  green  figure  upon  a  red 
ground.  I  then  stated  that  I  had  not  been  able  to  produce  the  same 
efiects  in  a  satisfactory  manner  with  colored  paper,  and  a  member 
of  the  Association  expressed  the  opinion  that  the  pile  of  the  worsted 
was  essentially  connected  with  the  phenomena. 

Although  I  had  at  that  time  performed  some  experiments  which 
seemed  inconsistent  with  the  latter  view,  still  as  I  had  not  succeeded 
to  my  satisfaction  with  certain  materials,  there  was  room  for  the 
supposition  that  the  nature  of  the  material  might  have  some  con- 
nection with  the  phenomenon.  I  therefore  resolved  to  repeat  the 
experiments  under  a  greater  variety  of  circumstances.  This  I  have 
since  accomplished,  and  the  following  are  some  of  my  results. 

Experiment  1.  I  first  tried  the  experiment  in  question  with  cotton 
thread.  My  earliest  trials  succeeded  very  imperfectly  i  but  after  a 
while  I  obtained  a  combination  of  red  and  green,  and  also  a  red  and 
blue,  which  exhibited  the  phenomenon  very  nearly  as  well  as  the 
best  specimen  of  worsted.  I  am  persuaded  that  my  first  ^ures  were 
due  to  my  not  having  obtained  exactly  the  proper  combination  of 
colors.  The  colors  must  be  of  the  right  shade  and  of  the  requisite 
intensity,  and  it  is  more  difficult  to  obtain  these  in  cotton  than  in 
worsted. 

Exp.  2.  I  next  tried  the  experiment  with  silk.  Here  again  my 
first  attempts  were  but  partially  successful ;  but  I  at  length  obtained 
combinations  of  red  and  green,  as  also  of  red  and  blue,  which  ex- 
hibited the  phenomenon  very  handsomely,  though  perhaps  not  quite 
as  well  as  the  worsted.  The  difference  I  ascribe  to  the  colors  not 
being  perfectly  matched,  and  also  to  the  lustre  of  the  material,  which 
decidedly  interferes  with  the  effect. 

Exp.  3.  I  next  tried  the  experiment  with  colored  morocco,  and 
succeeded  without  difficulty.  The  effect  was  scarcely,  if  at  all,  inferior 
to  that  produced  with  worsted, 

Exp.  4.  I  next  repeated  my  trials  with  colqred  paper,  and,  after 
some  pains-taking,  obtained  specimens  of  red  and  blue,  as  also  red 
and  green,  which  exhibited  the  effect  quite  as  well  as  the  worsted. 


Digitized  by 


Google 


PHYSICS. —  B«  OPTICS.  79 

I  am  satisfied  that  my  former  failures  were  due  entirely  to  my  not 
haying  been  able  to  obtain  colors  of  the  proper  shade  and  intensity. 
The  color  of  paper  is  generally  changed  by  moistening  it ;  and 
many  specimens,  which  do  not  succeed  at  all  in  this  experiment 
when  dry,  succeed  perfectly  when  moistened  or  oiled. 

Exp.  5.  I  next  tried  the  experiment  with  the  colors  of  natural 
objects ;  and  found  that  the  red  of  certain  flowers,  combined  with 
certain  green  leaves,  exhibited  the  efiect  in  question  very  handsome- 
ly. The  scarlet  flower  of  the  yftrbena  or  geranium,  combined  with 
the  green  leaves  of  lettuce,  succeeds  beautifully.  I  had  noticed  this 
eflect  with  flowers,  previous  to  the  meeting  of  the  Association  at 
New-Haven. 

The  preceding  experiments  with  worsted,  cotton,  silk,  leather, 
paper,  and  natural  flov^ers  and  leaves,  appear  to  me  sufficiently 
varied  to  prove  that  the  eflect  in  question  is  entirely  independent  of 
the  material  employed.  Color  alone  appears  to  be  the  essential  cir- 
cumstance. A  particular  shade  of  color  is  required,  and  also  a  certain 
intensity.  A  brilliant  red,  combined  with  its  complementary  color, 
will  always  produce  the  required  eflect.  A  lustre  or  gloss  upon  the 
surface  interferes  somewhat  with  the  efiect,  but  does  not  entirely 
destroy  it.  Such  a  result  might  have  been  anticipated,  because  the 
existence  of  gloss  implies  that  foreign  light  (which  of  course  is  not 
homogeneous)  is  reflected  from  the  surface  in  question,  and  mingles 
with  the  light  emitted  from  the  body  under  experiment.  Of  course 
the  color  of  the  body  is  changed,  or  at  least  rendered  less  brilliant 
by  this  mixture, 

I  arrive  then  at  the  conclusion  that  the  wave-like  motion  which 
passes  over  a  small  red  figure  upon  a  green  ground,  when  gently 
agitated,  is  an  efiect  of  brilliant  complementary  colors,  and  has  no 
connexion  with  the  nature  of  the  material  with  which  the  color  is 
associated. 

The  phenomenon  to  be  explained  in  the  experiment  of  the 
« dancing  mice"  is  this  :  When  a  green  figure  or  stripe  is, worked 
upon  a  red  ground,  and  the  card  gently  agitated,  a  shade  of  lighter 
green  appears  to  spread  over  the  whole  figure,  and  overlap  the  sur- 
rounding red  ground.  A  red  stripe  upon  a  green  ground,  when  agi-^ 
tated,  appears  of  a  lighter  red  on  each  margin  alternately,  with  a 
deep  red  wave  oscillating  back  and  forth  at  each  motion  of  the  card. 

These  phenomena  are  believed  to  involve  the  following  principles : 
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1.  The  contimiance  of  impressions  on  the  retina.  An  impreBsion 
made  on  the  retina  lasts  for  an  appreciable  interval.  When  a  bright 
colored  figure  is  agitated  before  the  eye,  it  makes  an  impression  upon 
a  portion  of  the  retina  larger  than  that  covered  by  the  figure  at  rest. 
Thus  a  green  figure  upon  a  red  ground,  being  agitated,  appears  to 
overlap  the  surrounding  red  ground. 

2.  There  is  a  partial  and  transient  combination  of  the  complemen- 
tary colors.  While  the  impression  of  the  central  color  remains  upon 
the  retina,  the  same  portion  of  the  retina,  in  consequence  of  the 
motion  of  the  card,  receives  a  new  impression  of  the  surrounding 
complementary  color  :  in  other  veords,  two  colors  which  are  com- 
plementary to  each  other  are  impressed  successively  upon  the  same 
part  of  the  retina,  the  new  impression  heijig  made  while  the  effect 
of  the  old  one  remains.  These  two  colors  partially  combine  to  pro- 
duce, not  white  light,  but  a  much  lighter  shade  of  the  primitive  color. 
This  explains  the  experiment  with  the  green  figure  on  a  red  ground; 
and  it  explains  the  lighter  shade  on  the  margin  of  the  red  figure-upon 
a  green  ground.  But  the  red  stripe  upon  the  green  ground  exhibits 
the  remarkable  peculiarity  of  a  deep  red  wave  oscillating  from  one 
side  to  the  other  of  the  stripe,  at  each  motion  of  the  card.  In  order 
to  analyse  this  phenomenon,  I  tried  the  following  experiment : 

Exp.  6.  When  I  used  a  broad  red  stripe  between  two  green  ones, 
the  change  of  color  was  confined  to  the  borders  of  the  red,  extending 
to  a  breadth  of  about  a  quarter  of  an  inch ;  a  light  stripe  appearing 
on  the  upper  side  of  the  red  when  the  figure  was  depressed,  and  on 
the  lower  side  when  the  figure  was  elevated.  No  change  of  appearance 
could  be  observed  in  the  intermediate  red.  Hence  when  the  red 
stripe  is  only  a  half  inch  in  breadth,  there  is  the  appearance  of  a 
red  wave  transferred  from  one  edge  to  the  opposite,  at  each  motion 
of  the  card.  If  the  red  stripe  does  not  exceed  a  quarter  of  an  inch 
in  breadth,  the  effect  is  much  impaired ;  and  if  the  stripe  be  reduced 
to  less  than  one<enth  of  an  inch,  the  wave-like  appearance  ceases 
entirely^  and  the  red  stripe  appears  constantly  of  a  very  pale  red. 

The  following,  then,  is  my  opinion  of  the  origin  of  this  deep  red 
wave.  The  red  color  appears  to  excite  the  retina  more  powerfully 
than  the  green,  and  its  impression  is  more  durable.  When  therefore 
I  place  a  red  stripe  upon  a  green  ground  and  agitate  it,  the  effect  of 
the  green  ground  is  confined  to  a  narrow  margin  of  the  red  stripe, 
not  generally  exceeding  a  quarter  of  an  inch  in  breadth.  Consequent- 
ly if  the  red  stripe  is  broad,  say  two  or  three  inches,  no  peculiar 
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effect  IB  produced  upon  the  central  part ;  but  a  band  of  pale  red, 
about  a  quarter  of  an  inch  in  extent,  is  seen  on  the  two  opposite 
margins  alternately.  If  the  breadth  of  the  red  stripe  does  not  exceed 
the  tenth  of  an  inch,  its  light  is  constantly  blended  with  that  of  the 
surrounding  green  ;  that  is,  it  appears  constantly  of  a  light  shade, 
and  there  is  no  appearance  of  a  dark  wave  passing  over  it.  When 
the  breadth  of  the  stiipe  is  about  half  an  inch,  the  red  and  green 
colors  are  made  tQ  combine  on  the  opposite  margins  alternately ;  the 
dark  and  the  light  bands  succeed  each  other  on  the  same  part  of  the 
stripe,  and  the  appearance  is  that  of  a  wave-like  motion. 

Thus  the  two  well-known  principles,  first,  of  the  continuance  of 
impressions  on  the  retina,  and  secondly,  that  complementary  colors  * 
combine  to  produce  white  light,  appear  to  explain  the  essential 
circumstances  of  the  phenomenon  in  question. 


16.  Case  of  thb  Tertiary  Rainbow.    By  C.  Harswell,  Esq. 
[Not  received,] 


17.  Thb  Bearing  of  some  recent  Microscopical  Discoybrieb  on 

THE   PRESENT   ThBORIBS    OF    LiGHT.      By  Dr.  W.  I.  BURNETT,  of 

Boston. 

[  Not  received.] 


D.  THERM onOB. 

18.  The  Effect  of  Heat  on  the  Perpendiculaiuty  of  Bunker 
Hill  Monument.    By  Prof.  E.  N.  Horspord,  of  Harvard. 

Soon  after  the  pendulum  was  placed  in  Bunker  Hill  Monument,  it 
was  observed  that  the  ball  when  at  rest  was  not  always  over  the  same 
point  in  the  floor.  The  careful  consideration  of  all  the  ccmditions  of 
this  fact  resulted  in  ascribing  it  to  the  unequal  expansion  of  the  sides 
of  the  monument,  in  consequence  of  unequal  exposure  to  the  sun. 
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A  brief  description  of  the  present  condition  of  the  monomeat 
will  aid  in  understanding  the  mode  of  observation  pursued. 

The  obelisk,  thirty  feet  square  at  the  base,  rises,  gradually  les* 
sening,  to  a  pyramidal  sumtnit  two  hundred  and  twenty-one  feet. 
Within  is  a  circular  well,  seven  feet  in  diameter  at  the  bottom,  and 
five  at  the  top,  where  it  opens  into  a  chamber  or  observatory.  The 
chamber  is  approached  by  a  winding  stairway.  In  the  centre  of  the 
roof  of  the  chamber  is  an  iron  staple  which  was  securely  fixed  at 
the  time  of  placing  the  capstone.  It  served  at  first  to  support  ma- 
chinery for  carrying  visitors  up  and  down.  From  this  staple,  which 
is  over  the  centre  of  the. open  space  or  weU,  the  pendulum  is  sus- 
pended by  means  of  a  screw  clamp. 

From  a  point  in  the  floor  directly  below  the  index  attached  to  the 
ball,  circles  were  described  and  graduated,  and  radii  drawn. 

On  the  day  following  the  graduation,  the  index  was  found  to  be 
on  one  side  of  the  centre  of  the  circle.  As  the  screw  clamp  first 
employed  did  not  admit  of  adjustment,  a  new  apparatus,  with  the 
necessary  modifications,  was  substituted,  and  the  ball  brought  pre-, 
cisely  over  the  centre  of  the  graduated  circle. 

A  few  hours  later,  it  was  found  out  of  the  centre. 

Upon  observing  more  carefully,  it  was  found  during  clear  days 
that  the  motion  of  the  ball  in  the  morning  was  to  the  westward,  at 
noon  to  the  northwest,  and  at  evening  to  the  east.  It  was  further 
observed  that  on  days  when  the  sun  was  obscured  by  clouds,  that 
no  motion  of  the  ball  or  its  index  point  occurred.  It  was  still  fur- 
ther observed  on  one  occasion,  during  a  sudden  shower,  accompa- 
nied with  strong  wind  from  the  southeast,  at  about  three  o'clock  in 
the  aflemoon,  to  move  in  the  space  of  a  very  few  minutes  a  quarter 
of  an  inch  to  the  eastward.  Observations  at  seven  o'clock  in  the 
morning,  at  twelve  o'clock  at  noon,  and  at  seven  o'clock  in  the  af- 
ternoon, were  recorded  through  several  weeks,  and  no  doubt  re- 
mains that  a  cause  coincident  with  the  sun  in  its  progress  produced 
the  variation  of  the  perpendicular  in  the  monument. 

A  fact  already  hinted  at,  fiirther  confirmed  this  conclusion.  The 
extreme  departure  of  the  ball  from  the  centre  was  to  the  west  of 
northwest;  not  to  the  north,  as  might  at  first  glance  be  supposed. 
The  explanation  is  found  in  the  position  of  the  monument.  Its  sides 
do  not  face  the  cardinal  points,  but  are  inclined  about  20^.  The  ex- 
pansion of  a  single  side  would  produce  inclination  in  a  direction 
perpendicular  to  the  side.   The  expansion  of  two  adjacent  sides 
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would  produce  inclination  in  the  direction  of  the  diagonal.  In  the 
morning  the  shaf^  is  inclined  to  the  westward.  At  noon  it  is  inclined 
but  little  to  the  north  of  west  In  the  progress  of  the  afternoon,  it 
sweeps  over  twice  the  amount  of  movement  in  the  morning ;  de- 
scribing, in  the  twelve  hours  of  observation,  an  arc  of  an  ellipse. 

During  the  night  it  sets  back  to  the  centre,  and  before  seven 
o'clock  in  the  morning,  has  already  moved  westward. 

The  greatest  diameter  of  the  irregular  ellipse,  described  by  the 
index  in  twenty-four  hours,  is  ordinarily  less  than  half  an  inch,  while 
the  least  was  less  than  a  quarter  of  an  inch. 

It  would  not  be  difficult  to  find  the  expansion  of  the  granite  to 
which  this  movement  of  the  ball  corresponds.  In  the  simpler  case 
of  a  rectangular  shaft,  the  departure  of  the  ball  from  the  centre 
would  be  the  versed  sine  of  an  arc  (the  side  of  the  shaft),  of  which 
the  pendulum  was  the  sine.  The  difference  between  the  arc  and 
sine  would  be  the  expansion  of  the  granite. 

The  heat  of  the  sun  penetrates  to  but  a  moderate  depth.  This  is 
evident  from  the  prompt  movement  of  the  column  when  a  shower 
falls  only  upon  the  more  highly  heated  sides,  and  also  from  the  ready 
change  in  incliuAlion  as  the  day  advances. 

The  effects  here  observed,  and  which  are  now  recorded  from  day 
to  day,  taken  in  connection  with  the  meteorological  record  of  Boston, 
Charlestown,  and  Cambridge,  cannot  fail  to  be  of  high  interest. 

The  expansion  of  granite  by  heat  had  before  been  observed.  Mr. 
Bond,  the  director  of  the  Cambridge  Observatory,  noticed  its  effect 
on  his  transit  instrument  erected  in  the  temporary  establishment  at 
the  comer  of  Quincy  and  Harvard  streets.  The  instrument  rested 
on  two  granite  pillars.  In  the  morning  of  a  clear  day,  his  meridian 
mark  on  a  distant  hill  would  be  found  east  of  the  meridian  line  as 
indicated  by  his  instrument ;  at  noon,  or  a  little  past,  coincident  with 
it ;  and  at  evening  west  of  it. 

Engineers  have  observed  it  in  long  walls  of  masonry.  It  can 
scarcely  be  doubted  that  we  have  memorials  of  it  in  the  ruins  of 
Balbec  and  Psestum,  of  Nimrod  and  Stonehenge ;  nor  can  we  ques- 
tion that  it  has  played  a  large  part  in  the  destruction  of  cliffs,  or  the 
splitting  of  mountain  masses.  • 

The  mode  of  observation  at  the  monument  is  this  :  On  either 
side,  about  three-quarters  of  an  inch  from  the  centre,  under  the  in- 
dex of  the  ball,  two  slender  needles  have  been  driven  into  the  floor, 
leaving  not  more  than  the  sixteenth  of  an  inch  above.  These  are 
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made  by  pressure  to  pierce  a  card  of  thin  drawing  paper,  which  is 
kept  from  warping  by  slender  bars  of  lead.  When  fixed,  the  north 
and  south  and  east  and  west  lines  are  transferred  in  pencil  mark 
from  the  floor  to  the  paper.  After  bringing  the  ball  to  rest,  in  which 
the  observer  is  aided  by  a  contrivance  enabling  him  to  steady  hia 
hands,  a  dot  is  made  with  a  pencil  inmiediately  under  the  index 
point,  which  is  about  the  sixteenth  of  an  inch  above  the  paper.  At 
the  close  of  the  day,  the  card  previously  dated  is  removed,  and 
another  takes  its  place  for  the  observations  of  the  next  day. 

It  is  a  grateful  duty  to  state  that  the  expense  of  the  necessary 
fixtures  at  the  monument  for  the  pendulum  experiment,  of  which 
advantage  has  been  taken  in  the  observations  here  referred  to,  has 
been  incurred  by  the  Massachusetts  Charitable  Mechanics'  Associa- 
tion. The  enlightened  liberality  of  the  directors  of  this  association 
is  only  equalled  by  the  generous  and  efficient  cooperation  of  the 
officers  of  the  Bunker  Hill  Monument  Association. 


B.  BLBCTRICmr    AND    MAGlfETISM. 

19.    On  the  Theory  of  the  so-called  Imponderables.    By 
Prof.  Joseph  Henry,  of  Washington. 

Prop.  Henry  stated,  that  in  studying  the  phenomena  of  matter,  we 
commence  with  observing  the  action  of  masses  upon  each  other,  and 
from  this  we  deduce  laws.  These,  with  regard  to  mechanical  philo- 
sophy, are  fire  in  number,  viz.  the  two  laws  of  force,  attraction  and 
repulsion,  varying  with  some  function  of  the  distance ;  and  secondly, 
the  three  laws  of  motion,  viz.  the  law  of  inertia,  of  the  coexistence 
of  motions,  and  of  action  and  reaction.  Of  these  laws  we  can  give 
no  explanation  :  they  are  at  present  considered  as  ultimate  facts,  to 
which  all  mechanical  phenomena  are  referred,  or  from  which  they 
are  deduced  by  logical  inference.  The  existence  of  these  laws,  aa 
has  been  ^aid,  is  deduced  from  the  phenomena  of  the  operations  of 
matter  in  masses ;  but  we  apply  them  by  analogy  to  the  minute  and 
invisible  portions  of  matter  which  constitute  the  atoms  or  molecules 
of  gases,  and  we  find  that  the  inferences  from  this  assumption  are 
borne  out  by  the  results  of  experience. 
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Indeed,  the  minutest  portions  of  matter  must  be  endowed  with 
properties  analogous  to  masses  of  the  same  kind  of  matter.  An  at- 
tempt has,  however,  been  made  by  Boscovich  to  refer  all  the  mecha^ 
nical  properties  of  matter  to  portions  of  space,  filled  with  associated 
points,  endowed  with  attracting  and  repelling  forces,  varying  and 
alternating  with  changes  of  distances.  In  a  communication,  some 
time  since,  to  the  American  Philosophical  Society,  I  have  shown, 
says  Professor  H.,  that  this  hypothesis,  which  is  at  the  present  time 
adopted  by  many,  is  insufficient  to  explain  all  the  facts.  Matter  thus 
constituted  would  indeed  exhibit  the  phenomena  of  elasticity,  com- 
pressibility, porosity,  affinity,  etc. ;  but  it  would  not  exhibit  an  obe- 
dience to  the  three  laws  of  motion,  namely,  inertia,  the  coexistence 
or  composition  of  motions,  and  -action  and  reaction.  We  must  there- 
fore superadd  to  the  hypothetical  points  of  Boscovich,  these  other 
conditions ;  but  in  so  doing,  we  arrive  at  a  constitution  of  matter 
precisely  similar  to  that  adopted  by  Newton,  namely,  a  system  of 
indivisible  and  indestructible  atoms  endowed  with  the  essential 
properties  of  matter  in  masses.  Indeed,  this  is  the  only  hypothesis 
which  we  can  adopt  in  strict  accordance  with  analogy,  reasoning 
from  the  known  to  the  unknown. 

Besides  the  phenomena  of  the  action  of  invisible  atoms  of  gases 
on  each  other,  we  have  a  large  class  known  under  the  general  name 
of  the  phenomena  of  the  imponderables.  This  name  has  been  given, 
because  it  is  supposed  that  it  is  necessary  to  refer  them  to  hypothe- 
tical fluids,  not  subjected  to  the  ordinary  laws  of  force  and  motion. 
The  term  imponderable,  however,  expresses  a  quality  with  reference 
to  the  constitution  of  such  fluids,  not  warranted  by  the  facts.  A  mass 
of  air  poised  in  air  has  no  weight,  and  in  this  case  may  be  considered 
imponderable.  In  the  same  way,  if  we  suppose  an  elastic  medium  to 
pervade  all  space^  any  portion  of  this  will  be  imponderable,  even 
were  our  balances  sufficiently  delicate  to  detect  its  absolute  weight. 
The  existence  of  an  elastic  medium  pervading  all  space  is  assumed 
in  order  that  the  phenomena  of  light,  heat,  electricity  and  magnetism 
m^y  be  brought  within  the  category  of  the  laws  offeree  and  motion^ 
and  that  we  may  be  able  to  apply  the  principles  of  analytical  me- 
chanics in  the  way  of  deducing  consequences  to  be  ailerwards  tested 
by  an  actual  appeal  to  experiment.  Without  assumptions  of  this  kind, 
it  is  impossible  to  arrive  at  the  general  expressions  which  constitute 
science  in  the  proper  sense  of  the  term. 

It  is  not  necessary  that  a  hypothesis  be  absolutely  true,  in  order 


Digitized  by 


Google 


86  A.  BiATHBMATIOS  AND  PHYSICS. 

that  it  may  be  adopted  as  an  expresnon  for  a  generalization  for  the 
purpose  of  explaining  and  predicting  new  phenomena  :  it  is  only 
necessary  that  it  should  be  well  conditioned  in  accordance  with 
known  mechanical  principles.  We  have  a  remarkable  instance  of  this 
in  the  Newtonian  theory  of  emission  of  light.  According  to  this,  light 
is  first  considered  as  consisting  of  atoms  of  matter  moving  with  im- 
mense velocity,  but  subject  to  mechanical  laws.  The  inference  from 
this  assumption  is,  that  meeting  obliquely  a  reflecting  surface,  the 
atoms  will  rebound  as  would  a  perfectly  elastic  ball,  making  the 
angle  of  incidence  equal  to  the  angle  of  reflection.  This  fact'4>eing 
established  by  experiment,  all  the  phenomena  of  reflected  light  are 
deduced  mathematically  as  mechanical  consequences  from  the  pri- 
mary assumption.  Again,  it  is  discovered  that  a  ray  of  light,  in 
entering  obliquely  a  new  medium,  changes  its  direction  ;  and  this  is 
readily  explained  by  adding  to  the  previous  hypothesis  the  second 
condition,  that  the  atoms  of  light,  like  all  other  matter,  are  subject 
to  attraction,  and  that  they  are,  in  consequence  of  this,  accelerated 
or  retarded  in  velocity  at  the  moment  of  entering  the  new  medium. 
From  this  assumption  readily  flows  the  law  of  the  permanency  of 
the  ratio  of  the  sine  of  the  angle  of  refraction  to  that  of  incidence. 

In  the  progress  of  discovery,  it  is  further  found  that  a  ray  of  light 
is  separated  into  diflerent  colors ;  and  in  order  to  explain  this  agree- 
ably to  the  same  analogies,  we  are  obliged  to  admit  that  there  are 
different  kinds  of  atoms  of  light,  with  different  properties,  and  moving 
with  diflerent  velocities.  Further,  it  is  discovered  that  light,  in  pass- 
ing by  the  edges  of  diflerent  bodies,  produces  fringes,  and  other 
phenomena  known  by  the  name  of  diflraction.  To  explain  these, 
another  supplementary  hypothesis  must  be  added,  namely,  that  the 
atoms  of  light  are  alternately  attracted  and  repelled  by  the  variation 
in  their  distance  from  the  solid  body  near  which  they  pass.  Another 
class  of  phenomena,  denominated  by  Newton  fits  of  easy  refraction 
and  easy  reflection,  induce  the  assumption  that  the  atoms  of  light  are 
not  homogeneous  in  property  on  all  sides,  but  that  each  possesses  an 
attracting  and  repelling  pole ;  and  that  in  their  passage  through 
space,  they  are  constantly  revolving  on  axes  perpendicular  to  the 
line  joining  their  poles.  Again,  the  discovery  of  Malus  requires  an- 
other supplementary  hypothesis,  in  order  to  a  mechanical  conceptioD 
of  the  phenomena  first  observed  by  him.  To  explain  these,  we  moat 
admit  that  the  atoms  of  light  possess  different  properties  on  different 
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mdes,  in  addition  to  different  properties  at  different  ends.  But  now 
the  original  theory  of  emission,  at  first  a  simple  mechanical  concep- 
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inertia  and  obedience  generally  to  the  laws  of  force  and  motion  must 
exist  between  us  and  this  luminary.  All  the  phenomena  are  best 
explained  and  predicted  by  supposing  this  something  to  consist  of  an 
elastic  medium,  the  atoms  of  which  in  a  normal  state  are  distributed 
uniformly  through  space,  and  retained  in  position  by  attracting  and 
repelling  forces.  An  ethereal  medium,  constituted  in  this  maimer, 
will  admit  of  vibrations  of  different  characters  and  of  different  forms  : 
for  example,  if  an  impulse  be  given  to  an  atom  in  a  given  direction, 
it  will  cause  in  succession  a  motion  to  be  transmitted  to  the  series  of 
atoms  which  are  found  in  the  same  line,  and  thus  lon^tudinal  un* 
dulations  will  be  produced ;  also  the  motion  of  the  atom  to  which 
the  impulse  is  given  will  cause  it  to  approach  the  atoms  of  the  me- 
dium on  the  sides  of  the  line  just  mentioned,  and  thus  rows  of  atoms 
on  all  sides  of  the  first  row  will  be  thrown  into  a  state  of  transverse 
vibration.  Similar  systems  of  vibrations  must  also  take  place  in  air ; 
but  such  is  the  constitution  of  the  human  ear,  that  it  takes  cognizance 
only  of  longitudinal  vibrations ;  and  such  the  function  of  the  human 
eye,  that  it  is  only  affected  by  transverse  undulations.  Besides  these, 
there  may  be  other  vibrations  compounded  of  the  two  ;  and  in  this 
way,  other  emanations  than  those  which  have  yet  been  observed  may 
be  conceived  to  exist. 

The  science  of  electricity,  as  left  by  Cavendish  and  ^pinus,  and 
as  expounded  by  Hauy  and  Hobison,  was,  next  to  astronomy,  one  of 
the  most  perfect  of  the  physical  sciences.  All  the  known  phenomena 
of  statical  electricity  were  referred  to  the  mechanical  action  of  two 
species  of  matter ;  the  atoms  of  each  being  self-repellent,  and  attrac- 
tive of  the  atoms  of  the  other  :  one  of  these  is  called  the  electrical 
fluid,  and  the  other  ordinary  matter.  For  the  generalization  of  the 
same  phenomena,  Dufay  assumed  three  principles  :  two  species  of 
electrical,  and  one  of  ordinary  matter.  From  either  of  these  mecha- 
nical conceptions  could  be  deduced  all  the  facts  then  known. 

It  would  appear,  however,  that  th^  tendency  of  the  present  day  is 
to  the  accumulation  of  facts,  rather  than  to  their  critical  examination, 
or  the  discovery  of  general  expressions  by  which  to  represent  them. 
Electricity  and  magnetism  at  the  present  time  consist  of  almost  a 
chaos  of  isolated  phenomena,  which  can  scarcely  be  called  scientific. 
Most  of  these,  however,  I  am  convinced,  are  capable  of  being  re- 
ferred to  the  theory  of  Franklin,  or  to  that  of  Dufay,  with  the  ad- 
dition of  a  few  supplementary  hypotheses  analogous  to  those  which 
we  have  seen  were  added  to  the  theory  of  emission.  For  example, 
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we  shall  be  obliged  to  admit  that  in  some  cases  inductive  effects  are 
propagated  wave-fashion ;  and  in  others,  that  a  change  in  the  con- 
dition of  the  ponderable  matter  plays  an  important  part.  Thus,  as  I , 
mentioned  at  the  last  meeting  of  the  Association,  I  have  found  that 
in  the  discharge  of  a  Leyden  jar  through  a  metallic  wire,  a  series  of 
rebounds  between  the  inside  and  the  outside  of  the  jar  takes  place, 
precisely  in  the  same  way  as  the  equilibrium  would  be  restored  by 
a  series  of  waves,  were  a  quantity  of  air,  condensed  in  one  vessel, 
suffered  to  discharge  itself  into  another  in  which  a  vacuum  previously 
existed.  During  this  discharge,  I  have  also  shown  that  a  series  of 
inductions  takes  place,  extending  to  a  surprising  distance  on  all 
sides  of  the  wire ;  and  as  these  are  the  results  of  currents  in  alter- 
nate directions,  they  must  produce  in  surrounding  space  a  series  of 
plus  and  minus  motions,  analogous  to,  if  not  identical  with  undula- 
tions. 

Next,  that  a  change  in  the  condition  of  the  matter  itself  is  required 
£oT  the  explanation  of  certain  phenomena,  will  be  evident  from  the 
following  experiment  :  If  portions  of  the  same  current  of  galvanism 
be  sent  through  two  parallel  wires,  or  if  portions  of  the  same  dis- 
charge from  a  Leyden  jar  be  transmitted  simultaneously  through  two 
parallel  strips  of  platina  foil,  an  attraction  in  both  cases  will  be 
exhibited.  If,  however,  the  surface  of  a  large  circular  metallic  plate 
be  covered  at  intervals  with  short  needles  placed  parallel  to  each 
other,  and  a  discharge  of  electricity  be  sent  along  the  diameter  of 
the  circle  at  right  angles  to  the  needles,  on  examination,  they  will 
be  found  magnetized  with  different  degrees  of  intensity  :  those  in 
the  direct  line  of  the  dischai'ge  will  exhibit  a  slight  degree  of  polar- 
ity, while  those  at  the  circumference  of  the  plate  will  show  a  much 
greater  amount  of  magnetic  force ;  proving  that  the  electrical  dis- 
charge, instead  of  passing  in  the  shortest  line  between  the  two  points, 
has  divided  itself  into  two  portions,  each  passing  at  as  wide  a  dis- 
tance as  possible  from  the  other.  This  phenomenon  is  in  strict  ac- 
cordance with  the  hypothesis  that  the  plate  has  been  traversed  by  an 
elastic  6uid,  the  particles  of  which,  being  self-repellent,  have  sepa- 
rated as  far  as  possible  from  each  other ;  and  it  can  therefore  be 
referred  to  the  action  of  a  fluid  coexisting  with,  but  independent  of, 
ordinary  matter ;  while  the  phenomenon  of  the  attraction  of  the  two 
parallel  conductors  before  mentioned  can  only  be  explained  by  a 
change  in  the  condition  of  the  gross  matter  itself,  combined  perhaps 
with  the  action  of  an  elastic  flnld.  I  ought  to  state  in  this  place  that 
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my  friend  Dr.  Hare,  from  purely  theoretical  considerations,  inde- 
pendent of  experiment,  has  arrived  at  a  similar  conclusion. 

There  is  another  phenomenon,  which  I  may  mention  as  producing 
a  change  in  the  properties  of  matter  during  the  instantaneous  passage 
of  an  electrical  discharge.  At  the  moment  of  the  passage  through  the 
atmosphere  of  a  dbcharge  of  electricity,  the  particles  of  the  air  are 
suddenly  endowed  with  a  surprisingly  energetic  repulsive  tendency, 
to  which  is  mainly  to  be  attributed  the  mechanical  effects  produced 
by  a  discharge  of  lightning  passing  through  a  building.  Also  in  the 
development  of  magnetism  in  a  bar  of  iron  or  steel,  a  change  takes 
place  in  the  ponderable  molecules  of  the  metal  :  this  is  evident  from 
the  fact,  that  at  the  moment  of  magnetization,  a  wave  of  undulation, 
capable  of  producing  an  audible  sound,  is  transmitted  along  the  bar; 
and  again,  when  the  iron  is  demagnetized,  if  the  expression  may  be 
allowed,  a  similar  change  in  the  position  of  the  molecules  is  indicated. 

In  the  explanation  of  the  statical  phenomena  of  electricity,  we 
may  either  adopt  the  hypothesb  of  one  or  of  two  fluids,  the  mecha- 
nical results  which  are  logically  deduced  from  either  being  the  same  : 
in  the  case  of  the  former,  we  have  one  movable  and  one  fixed  prin- 
ciple ;  in  that  of  the  latter,  we  have  two  movable  fluids  and  a  fixed 
medium.  It  is  evident  that  the  mechanical  results  will  be  the  same 
in  the  two  theories,  provided  we  suppose  the  absolute  motion  of  the 
one  fluid  to  be  equivalent  to  the  sum  of  the  motions  of  the  two  fluids. 
Though  either  theory  may  be  adopted  with  reference  to  the  statical 
phenomena,  the  theory  of  one  fluid  is  more  readily  applicable  to  the 
facts  connected  with  electricity  in  motion,  and  particularly  that  part 
of  the  theory  which  assumes  the  activity  of  ordinary  matter  may 
hereafter  be  fruitful  in  new  deductions. 

The  discoveries  of  the  last  few  years  have  tended  more  and  more 
to  show  the  intimate  connection  of  all  the  phenomena  of  the  im- 
ponderables; and  indeed  we  cannot  avoid  the  conclusion,  forced 
upon  us  by  legitimate  analogy,  that  they  all  result  from  the  difierent 
actions  of  one  all-pervading  principle.  Take,  for  illustration,  the 
following  example  of  the  development  of  the  several  classes  of 
phenomena.  An  iron  rod,  rapidly  hammered,  becomes  red  hot,  or,  in 
other  words,  emits  heat  and  light.  The  same  rod,  insulated  by  m 
non-conductor  and  struck  with  another  non-conductor,  exhibits  elec- 
trical attraction  and  repulsion.  Again,  if  this  rod  be  struck  with  m 
hammer  while  in  a  vertical  position,  it  becomes  magnetic.  We  have 
here  the  evolution  of  the  four  claBses  of  phenomena  by  a  simple 
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agitation  of  the  atoms.  We  cannot,  in  accordance  with  the  known 
eimplicity  of  the  operations  of  nature,  for  a  moment  imagine  that 
these  different  results  are  to  be  referred  to  as  many  different  and 
independent  principles. 

If  we  refer  all  these  phenomena  to  one  elastic  medium,  it  will  be 
necessary,  in  order  to  explain  the  facts  of  electricity  and  magnetism, 
that  we  suppose  this  medium  to  be  capable  of  accumulation  or  con- 
densation in  certain  portions  of  space;  and  of  being  lessened  in 
quantity,  or  rarified,  in  other  portions  :  also,  that  in  its  return  to  its 
normal  condition,  an  actual  transfer  of  the  medium  takes  place.  It 
follows  from  these  assumptions,  that  the  fluid  withdrawn  from  one 
portion  of  space  must  leave  an  equivalent  deficiency  in  another ;  or, 
in  other  words,  that  the  amount  of  positive  action  must  be  equal  in 
all  cases  to  that  of  the  negative.  Further,  since  it  appears  from  ob- 
servation that  the  ethereal  medium  can  only  be  condensed  or  ac- 
cumulated in  certain  places  by  the  insulating  powers  of  ordinary 
matter,  no  electrical  phenomena  can  be  exhibited  except  in  connec- 
tion with  such  matter  :  hence  electrical  action  can  not  be  expected 
in  the  regions  of  celestial  space. 

The  most  difficult  phenomena  for  which  to  invent  a  plausible 
mechanical  explanation,  connected  with  this  subject,  are  those  of  the 
attraction  of  the  two  wires  transmitting  a  current  of  electricity,  and 
the  transverse  action  of  a  galvanic  wire  on  a  magnetic  needle.  The 
theory  of  Ampere,  though  an  admirable  expression  of  a  generaliza- 
tion of  the  phenomena  of  electro-magnetism,  is  wanting  in  that  strict 
analogy  with  known  mechanical  actions  which  is  desirable  in  a 
theory  intended  to  explain  phenomena  of  this  kind. 

In  conclusion,  I  would  again  revert  to  the  importance,  in  the 
adoption  of  mechanical  hypotheses,  of  conditioning  them  in  strict 
acdbrdance  with  the  operations  of  matter  under  the  known  laws  of 
force  and  motion  as  exhibited  in  time  and  space. 


20.  On  Electrical  Theort.     By  Dr.  Robert  Hare,  of  Phila- 
delphia. 

\Not  received,] 
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21.  Observations  ov  the  Eclipse  op  the  Sun,  Jult  28,  1851. 
By  Prof.  Philip  Ten  Eyck,  of  Albany. 

Made  at  the  Albany  Female  Academy—Lat  42^^  89'  12";  Lon.  73^  46'  84". 

h       m         • 

Beginning,    7    86    16,8    meantime. 
End      -    -    9     19     16,9 

Time.  The  beginniDg  was  observed  with  an  independent  seoonds 
watch,  which  was  compared  with  Mulford  &  Wendell's  clock  at 
6^  50"*  and  7**  60" ;  the  end,  by  my  own  pocket  chronometer,  coiu- 
pared  with  the  same  clock  at  8^  25^^  and  9**  30"".  The  rate  of  the 
latter  was  nearly  the  same  as  the  clock's.  The  former  had  a  large 
rate,  but,  by  frequent  comparisons  during  the  day,  was  found  to  be 
regular. 

The  error  of  the  clock  was  determined  by  transits  of  six  stars  on 
the  evening  of  the  26th,  one  on  the  29th,  and  two  on  the  31st.  The 
transit  of  Sirius  over  one  line  of  the  transit  instrument,  immediately 
after  the  eclipse  (lO**  16"),  made  a  difference  of  ^  of  a  second  from 
the  mean  obtained  from  the  other  stars  :  but  the  heated  atmosphere 
made  the  meridian  mark  appear  so  unsteady,  that  this  was  not  used 
in  the  computation  of  time.  The  position  of  the  transit  instrument 
was  observed  before  and  after  each  transit,  and  it  is  not  probable 
that  the  time  is  in  error  over  half  a  second. 

Telescope  used.  Reflecting  Herschelian,  made  by  Holcomb  (Mass.): 
length  9  feet,  diameter  of  mirror  8  inches  clear,  which  was  contract- 
ed to  4,8  inches  to  observe  the  eclipse.  Single  lens  eye-piece ;  power 
62  in  diameter ;  dark  glass  pale  green.  My  small  Fraunhofer,  erect 
eye-piece,  power  28  ;  dark  glass  pale  purple. 

Latitude  of  the  Capitol,  by  observationa  made  bj  James  Ferguson  in  1889,  with 

Hassler's  repeating  reflecting  circle 42®  89'  18,71" 

By  triangulation  Academy  south 0     0     1,84 


Latitude  of  the  Albany  Female  Academy 42    39    1 1,87 

Longitude  of  the  Capitol,  according  to  Lieut  O.  Tbom,  bj  chronometers,  from 
Cambridge  Observatory  (Mass.)   ....     4^  66«»  08,28»  or    78®  46'  49,2" 
DiE   0      0    01,01  0     0    16,8 

Longitude  of  Albany  Female  Academy,     4    66    02,27    or    78  46    88,9 
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22.  On  the  Solar  Eclipse  of  JiTlt  28,  1851.    By  Lieut.  C.  H. 
Davis,  U.  S.  N.,  Superintendent  of  the  Nautical  Almanac. 

Lieut.  Dayis  reminded  the  Association  of  a  communication  made 
by  him  at  the  meeting  at  New-Haven,  concerning  the  solar  eclipse 
of  July  28  of  this  yeai* ;  when  he  spoke  of  its  value  in  determining 
the  moon's  semidiameter,  and  of  the  tables  used  at  the  office  of  tho 
Nautical  Almanac  for  determining  the  moon's  place. 

Those  tables,  it  must  be  remembered,  were  new,  and  never  before 
used  for  an  ephemeris.  They  were  intended  by  Airy,  in  their  origi- 
nal form,  as  given  in  the  volume  of  lunar  reductions,  to  be  an  exact 
expression  of  Plana's  theory,  but  had  never  been  employed  in 
practical  applications.  To  these  were  added,  under  the  immediate 
direction  of  Prof.  Peircb,  tables  embodying  Hansen's  long  inequa^ 
lities,  and  Airy's  corrections  of  the  elements  of  the  lunar  orbit,  and 
of  some  of  the  principal  inequalities  which  he  had  derived  from  his 
discussion  of  the  whole  series  of  the  Greenwich  observationB,  to- 
gether with  some  new  terms  to  which  this  discussion  had  led  him, 
the  existence  of  which  had  never  been  before  suspected,  although 
Hansen's  subsequent  investigations  have  confirmed  the  results  thus 
reached  by  an  empirical  process.  It  would  have  been  very  extra- 
ordinary if  tables  thus  obtained  had  not  proved  superior  to  Burck- 
hardt's  old  tables,  which  are  still  used  in  all  the  European  epheme- 
rides ;  and  the  observations  of  the  present  eclipse  in  this  country 
have  strikingly  exemplified  this  superiority. 

The  chief  difference  in  the  results  given  by  the  two  tables  is  in 
longitude  :  the  other  differences  are  less  remarkable,  and  indeed  of 
slight  importance.  The  difference  in  longitude  amounts  to  eighteen 
seconds  of  an  arc  in  the  case  of  the  eclipse ;  and  the  difference  in 
time  for  the  phases  of  the  eclipse  was,  for  the  beginning,  rather  more 
than  a  minute,  and  for  the  end,  about  two-thirds  of  a  minute  :  and 
the  whole  of  this  great  difference  is  in  favor  of  the  new  tables,  as  is 
shown  by  all  tlie  observations  without  a  single  exception.  To  illns* 
trate  this  point,  I  will  cite  the  beginning  of  the  eclipse  for  Cambridge, 
88  follows  : 

h     m     ■ 

Compnted  by  Paine 19  48  10 

**            **    Amer.  Nsat  Almanac  .  49  16,0 

Obaerved 49  85^8 
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On  tbe  very  day  of  the  eclipse,  I  received  from  Mr.  Miers  Fishes 
LoNGSTRETH,  of  Philadelphia,  a  formula  containing  corrections  of 
twelve  other  inequalities,  with  a  statement  that  he  had  examined  the 
remaining  inequalities,  and  found  that  they  required  no  correction. 
These  corrections  Mr.  L.  had  derived  also  from  Airy's  lunar  ob- 
servations. The  method  by  which  these  corrections  were  obtained, 
what  they  are,  and  their  effect  upon  the  theoretical  computations, 
will,  I  hope,  be  communicated  to  the  Association  before  it  adjourns. 
I  may  say,  however,  that  there  was  no  doubt  entertained,  from  the 
way  in  which  they  were  computed,  that  they  would  be  an  improve- 
ment, though  the  admirable  agreement  that  followed  could  never 
have  been  looked  for. 

Mr.  Davis  here  introduced  the  observations,  and  compared  them, 
making  comments  on  the  results,  and  concluded  with  expressions  of 
the  strongest  admiration  for  the  sagacity  and  invention  which  had 
led  Mr.  Longstreth  to  his  improvements  of  the  formula  of  the  Ion- 
gritude,  by  means  of  which  we  were  now  better  able  to  predict  the 
moon's  place  here  than  in  any  part  of  the  world. 


23.  Addftional  Notes  op  a  Discussion  op  Tidal  Observations 

MADE   IN  connection  WITH   THE   CoAST   SuRVEY  AT  CaT  IsLAND, 

Louisiana.     By  Prof.  A.  D.  Bache,  Superintendent  U.  S.  Coast 
Survey. 

In  my  communication  on  the  subject  of  the  tides  at  Cat  Island, 
coast  of  Louisiana,  at  the  New-Haven  meeting  of  the  American 
Association,  I  showed  that  I  had  succeeded  in  decomposing  the 
curves  of  rise  and  fall  into  a  diurnal  and  semidiurnal  curve,  which 
were  nearly  curves  of  sines ;  the  diurnal  curve  having  its  maximum 
approximately  nine  hours  in  advance  of  the  first  maximum  of  the 
semidiurnal  curve,  and  the  interference  of  these  two  waves  producing 
the  tidal  wave  as  observed.  The  comparison  of  the  curves  deduced 
from  the  observations  for  three  months,  and  the  computed  curves  of 
sines,  was  shown  to  be  satisfactory.  This  comparison,  made  as  before 
by  averages  of  periods  of  a  week  combined  into  one  general  mean,  has 
now  been  extended  to  the  whole  year,  as  shown  in  the  subjoined  table. 
By  increasing  the  maximum  ordinate  of  the  diurnal  curve  0,02  of  a 
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I.      DIURNAL   WAVE    :   HEIGHTS   AND   TIMES. 

If  the  diurnal  curve  is  a  curve  of  sines,  then  the  ordinates  found 
for  each  hour  enable  us  to  determine  the  value  of  the  maximum  or 
six-hour  ordinate.  Setting  out  from  the  mean  line,  then,  we  have  for 
each  day  six  determinations  of  the  rise  or  fall  above  or  below  that 
line.  Tables  were  computed  from  these,  in  which  the  daily  curves 
were  decomposed  into  their  diurnal  and  semidiurnal  components. 
In  making  these  tables,  the  very  irregular  tides  have  been  in  general 
omitted.  These  tables  were  arranged  according  to  the  moon's  de- 
clination, beginning  and  ending  with  the  days  on  which  the  declina- 
tion was  zero,  determining  the  maximum  ordinate  of  each  day  from 
zero  of  declination.  As  the  irregular  tides  occur  near  the  time  of  the 
moon's  passing  the  equator,  the  averages  of  the  heights  about  these 
times  are  deduced  from  a  less  number  of  observations  than  the  others, 
and  are  therefore  less  reliable.  The  following  table  gives  the  average 
heights,  with  the  number  of  days  from  which  they  have  been  deduced. 
No  advantage  resulted  from  displacing  the  epoch  of  the  moon's 
declination  relatively  to  the  day  of  highest  tide. 

TABLE  NO.  XL    (Diagram  2.) 

Showing  the  value  of  the  maximum  ordinates  of  the  diomal  cnrre,  on  the  several 
days  from  zero  of  declination  of  the  moon  to  zero  again,  with  the  number  of 
days  from  which  the  results  are  deduced. 


Days  from  lero  of 
declination. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

Na  of  observations. 

^ 

HeighU 

0,88 

0,88 

0,82 

0,41 

0,69 

0,66 

0,78 

0,77 

0,87 

0,86!  0,77 

0,70 

0,58 

0,«1 

Nat  sin.  2  X  moon's 
declination. 

0,05 

0,11 

0,12 

0,24 

0,41 

0,46 

0,52 

0,58 

0,60 

0,59  0,64 

0,46 

0.87 

a27 

The  dependence  of  the  height  of  the  diurnal  wave  upon  the  moon's 
declination  appears  by  comparing  the  lowest  line  of  the  table»  con- 
taining the  sine  of  twice  the  moon's  declination,  with  the  line  next 
above  it  :  it  is  also  shown  by  the  curves  of  Diagram  No.  2.  This 
agrees  with  Mr.  Whewell's  approximate  formula  for  the  diurnal  in- 
equality, namely,  ^fA  =  C.8in26' ;  in  which  dJi  is  the  difference 
in  height  of  two  consecutive  high  or  low  waters,  C  a  constant,  and 
h*  the  moon's  declination. 

The  variation  of  this  same  height  with  the  sun's  declination  may 
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be  made  at  once  apparent  by  classifying  tbe  heights  for  different 
values  of  the  sun's  declination  with  the  same  declination  of  the  moon. 
The  following  table  contains  the  greatest  heights  of  the  diurnal 
curves  during  the  several  lunations  of  the  year,  with  the  values  of 
the  sun's  declination  and  of  the  moon's  declination,  grouped  as  de- 
scribed in  the  several  columns. 

TABLE  NO.  m    (Diagram  No.  8.) 
Showing  the  effect  of  change  of  sun's  declination  on  height 


KatanI  sine  2  sun's 

{Tamberof 
lunations 
in  group. 

Natural  sine 
8  moon's 
decUnatkm. 

liazlmnm 

ordinate 

dlnnaleorve. 

Greater  than  10^ 
70  to  60 
60  to  40 
40  to  20 
20  to  00 

,672 
.677 
,666 
,680 
.660 

1,02 
0,99 
0,98 
0,94 
0.74 

The  effect  of  the  change  of  parallax  of  the  moon  may  be  shown 
satisfactorily  by  grouping  the  values  of  the  heights  at  the  greatest 
southern  declination  of  the  moon,  and  for  the  greatest  northern  de- 
clination, for  the  year  (comparing  them  for  slightly  varying  decli- 
nations of  the  moon,  for  mean  declinations  of  the  sun,  and  for  large 
variations  of  the  parallax.  The  result  is  as  shown  in  the  following 
table,  and  in  Diagram  No.  4. 

TABLE  NO.  IV. 
Showing  the  effect  of  change  of  moon's  parallax  on  height 


Nomberof 
resnlta. 

Mean  sine 
2  moon's 

both  series. 

Mean  sine 

9  sun's 
declination 
both  series. 

Mean 

paraUax 

correct,  for 

1st  series. 

Mean 

parallax 

correct  Ibr 

2d  series. 

Mean 
height  for 

lesser 
IMuraUaz. 

Mean 

height  for 

greater 

iwrallax. 

184 

69.4 

48.6 

62,9 

65.9 

0,74 

0,88 

The  parallax  correction  is  taken  as  the  cube  of  the  parallax  multi- 
plied by  the  sine  of  twice  the  moon's  declination. 

These  are  the  principal  variable  terms  in  the  formula  derived  by 
Mr.  Lubbock,  from  Bemouilli's  theory  of  the  tides,  for  the  diurnal 
inequality,  namely*; 

dh  =s  B[A.sin2^.cos(>]^— 9) +sin2d'.cos>]y]  ; 
in  which  dh  is  the  difference  in  height  of  the  morning  and  evening 
tide,  B  and  A  are  constant  coefficients,  6'  is  the  moon's  declination 

*  TranBaddons  of  the  Rojal  Society  of  London,  1836,  p.  228. 
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and  6  the  sun's ;  ^  is  a  small  variable  to  be  added  to  the  mean  Itmi- 
tidal  interval  to  give  the  interval  corresponding  to  the  moon's  age, 
and  (p  is  the  hour  angle  of  the  moon  at  the  time  of  transit.  The  se- 
cond term,  introducing  the  parallax  of  the  moon,  would  be 

p/3 

»i.pj-.sin25'*; 

in  which  m  is  a  constant  coefficient,  P  is  the  mean  parallax,  and  P' 
the  parallax  at  the  time  under  consideration. 

In  the  application  of  this  formula  to  the  observations,  the  maxi- 
mum ordinates,  found  •as  before  stated,  were  tabulated ;  and  first  the 
coefficients  were  deduced  from  the  cases  corresponding  to  the  maxi- 
mum of  the  sine  of  twice  the  moon's  declination  and  to  the  minimum 
of  the  sun's,  and  vice  versa,  neglecting  the  small  variations  due  to 
cos  (4^— 9)  and  cos^.  This  gave  the  following  values  for  the  co- 
efficients, and  the  two  sots  of  equations  derived  conformed  with  each 
other. 

TABLE  No.  V. 

Showing  the  value  of  coefficients  deduced  from  maxinnim  sine  twice  moon's  de- 
clination and  minimum  of  sun's^  and  vice  versa;  neglecting  variations  due  to 
COS  (4*— 9)  and  cos4'. 


B.cos>]y. 

B.A.cos(4.— 9). 

First  six  months. . . 
Second  six  months. 
Whole  year. 

1,07 
1,00 
1,04 

0,43 
0,89 
0,62 

As  each  day's  results  are  referred  to  the  mean  level  of  the  day,  and 
the  mean  of  the  low  and  high  waters  is  taken  as  giving  the  height 
of  the  diurnal  tide,  the  constant  from  the  mean  level  of  the  whole 
should  not  appear  in  the  values.  In  beginning  these  researches,  I  did 
not  suppose  that  small  differences  would  come  out  of  them  such  as 
have  been  deduced.  The  reference  to  the  level  of  each  day  com- 
pensated in  a  degree  for  the  effect  of  an  entire  raising  or  depressing 
of  the  water  by  the  winds'  action. 

The  results  promising  success,  the  coefficients  were  deduced  by 
the  method  of  least  squares  for  the  first,  and  then  for  the  second  six 
months,  and  finally  for  the  whole  year.  These  laborious  computations 
were  made  with  much  skill  by  Mr.  W.  W.  Gtordon,  of  the  Coast 
Survey.   The  result  for  the  second  six  months,  in  reference  to  the 

*  Lubbock's  Elementary  Treatise  on  the  Tides,  London,  1889. 
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coefficient  of  the  term  of  the  sun's  declination,  is  discrepant  from 
the  final  result ;  but  as  the  coefficients  for  the  whole  year  were  used, 
after  endeavoring  to  trace  the  error,  if  any,  without  immediate  results, 
it  was  not  pursued  further. 

TABLE  NO.  VL 
Coefficient  of  co8(>L — 9),  deduced  from  method  of  least  Bquares. 


B.cos^l'* 

B.A.co8(4.— <p). 

First  six  months. . . 
Second  six  months. 
Whole  year. t . 

1,00 
0,90 
0,96 

0,2a 

0,60 
0,24 

The  sum  of  the  positive  and  negative  quantities  balance  rather  better 
by  the  use  of  the  coefficients  from  the  first  method,  which  differs 
chiefly  in  the  coefficient  of  the  sun's  action. 

The  coefficient  of  the  first  term  ofdhiB  B  X  (A),  and  of  the  second 
term  B ;  and  it  will  be  seen  hereafter  in  discussing  the  semidiurnal 
tide,  that  (A)  is  0,364,  which,  with  Bx(A)  =  0,26,  gives  B  =  0,96. 
The  value  0,24  agrees,  therefore,  very  well  with  that  deduced  by  this 
different  process. 

A  set  of  tables  was  next  made,  containing  the  values  of  the  two 

terms  of  the  formula  for  each  day.  To  these  was  subsequently  applied 

P" 
the  small  correction  for  the  parallax  from  the  term  ^ ;     and  the 

terms,  being  summed,  were  compared  with  the  observed  maximum 
ordinate,  and  the  difference  in  the  final  column  of  the  table  showed 
the  residual  to  be  accounted  for. 

For  these  tables  I  am  indebted  to  Lieut.  Trowbridge  of  the  Corps 
of  Engineers,  assistant  in  the  Coast  Survey.  The  tabular  quantities 
were  also  traced  in  curves,  and  then  compared  veith  the  maximum 
ordinates.  The  positive  and  negative  differences  are  usually  small, 
not  exceeding  in  the  average  about  0,12  of  a  fi^ot,  and  are  quite 
irregular. 

The  irregularities  apparent  in  the  phenomena  themselves  induced 
me,  in  first  commencing  this  investigation,  to  hope  merely  to  be  able 
to  trace  the  phenomenon  generally ;  but  it  now  appears,  from  the 
character  of  the  results  obtained  from  the  averages,  that  the  theory 
may  be  followed  much  more  closely  by  the  results  than  I  had  at  first 
supposed. 

The  accordance  of  observation  and  theory,  after  the  correctionB 
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baye  been  applied,  is  as  good  as  the  accidental  errors  of  the  separate 

results  render  necessary ;  as  will  be  seen  from  the  results  for  Jul j 

given  in  the  annexed  table,  and  for  July  and  part  of  August  as  giyen 

in  Diagram  No.  5  :  but  as  the  averages  seemed  to  indicate  that  the 

residuals  would  show  the  laws  of  the  phenomena,  I  discussed  them 

further. 

TABLE  NO.  Vn. 

Showing  the  value  of  maximtim  ordinates  of  the  diurnal  curve,  oomputed  from 
the  moon's  declination  and  parallax,  and  from  the  sun's  declination,  compandl 
with  ordinates  from  observation,  for  the  month  of  Julj. 

(fast  of  ▲  TABLB  lOB  THS  TXAB.) 


i 

•9 

a 

g 

•53 

^ 

o 

Ol 

DATS. 

1 

?.          M 

a 

^  P4 

'S 

1 
1 

CO 

o 

to 
w 

o 

Julyl 

1,43 

,66 

,19 

,60 

2 

,98 

.69 

.19 

,n 

8 

,96 

,86 

,19 

,48 

4 

,'76 

,88 

,19 

,26 

6 

,62 

,22 

,19 

,17 

6 

,87 

,08 

,1» 

,10 

n 

,86 

,14 

,19 

,12 

8 

,86 

,14 

,19 

,08 

9 

,82 

,26 

,18 

—,09 

10 

,62 

,84 

,18 

,01 

11 

.66 

.42 

.18 

,07 

12 

.76 

.47 

,18 

,16 

18 

,64 

.18 

14 

!78 

,62 

,18 

iio 

16 

,'78 

,68 

,18 

,02 

16 

,62 

,66 

,18 

-.10 

11 

.89 

,68 

M 

.19 

18 

.»8 

,48 

M 

,29 

19 

,61 

,40 

M 

,06 

20 

,62 

,16 

M 

.20 

21 

,67 

,00 

M 

,40 

22 

,41 

.02 

M 

,22 

28 

,66 

,88 

,n 

,07 

24 

,66 

,46 

,n 

,06 

26 

,61 

,66 

,16 

—.08 

26 

,77 

,68 

,16 

,00 

27 

,90 

,66 

,16 

,12 

28 

,86 

,66 

.16 

,08 

29 

,90 

,66 

,16 

,10 

80 

,90 

,48 

,16 

,27 

81 

,69 

.87 

.16 

,18 

In  looking  for  an  explanation  of  the  irregularities  to  the  terms 
^^..^)  and  4/»  the  residuals  were  classed  according  to  the  moon's 
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age,  and  the  averages  taken  for  the  separate  hours.  The  result  of 
these  tables  is  ^ven  in  that  annexed,  which  shows  the  residual  for 
each  six  months  and  for  the  year.  I  have  introduced  them  for  the 
half  year,  to  show  that  the  same  law  is  deducible,  notwithstanding  the 
irregularities  of  the  individual  results,  firom  the  observations  for  each 
six  months. 

TABLE  No.  Vm.    (Duoram  Ka  6.) 

Showing  the  residuals  from  the  comparison  of  computed  and  observed  ordinatea 
of  dimnal  cnnres,  classed  according  to  the  ages  of  the  moon. 


Hows  of  moon*! 
translL 

BJESmUAU.                                                 1 

First  six  months. 

Seeond  six  months. 

Mean. 

o» 

,28 

,21 

,22 

U 

,n 

,12 

,18 

21 

,15 

,16 

,16 

81 

,15 

,12 

,18 

41 

,16 

,00 

,08 

6k 

,08 

—,08 

,02 

61 

,06 

—,08 

,01 

7* 

,08 

—,02 

,08 

8i 

,18 

,04 

,08 

^t 

,12 

,12 

,12 

10} 

,09 

,14 

,11 

11* 

,19 

,H 

,16 

These  residuals,  instead  of  following  the  law  of  cos(>)/— 9),  follow 
that  of  cos(2>j/— 29),  or  that  of  the  semidiurnal  curve. 

Before  examining  this  result,  which  is  shown  in  Diagram  6, 1  pass 
to  the  residual  which  is  found  by  carrying  on  the  former  table  to 
23}  hours  ;  which  was  in  fact  the  form  of  the  table  before  the  de- 
velopment of  the  law  of  variation  showed  that  the  term  for  12}  hours 
belonged  to  0},  instead  of  11},  with  which  it  would  agree  if  the  law 
of  cos(4/— 9)  were  followed.  The  following  table  contains  the  re- 
siduals in  question,  shown  also  in  Diagram  No.  7. 
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TABLE  NO.  IX. 

Showing  readoalfl  after  deducting  those  following  law  of  change  of 
co8(24/  — 2(p). 


A|^  of  mooD. 

Beaidnala. 

Mmub. 

himn 

feM. 

Iwan. 

IML 

oi 

—,07 

281 

—,01 

11 

—,02 

221 

—,01 

21 

,01 

211 

,01 

H 

,08 

201 

,08 

H 

,00 

191 

.02 

H 

,01 

ii'i 

,04 

^1 

,06 

,08 

•71 

,04 

161 

,09 

H 

,07 

161 

,04 

^1 

,02 

141 

,00 

101 

—,03 

181 

,08 

111 

,03 

121 

,06 

Mean 

08 

The  existence  in  the  first  residuals  of  the  law  belonging  to  the 
semidiurnal  curve  indicates  that  the  separation  of  the  two  curves 
(diurnal  and  semidiurnal)  is  not  complete,  as  indeed  the  hypothesis 
of  a  constant;  difierence  in  time  between  the  recurrence  of  the  two 
maxima  requires.  Before  undertaking  to  modify  this  hypothesis,  I 
proceeded  to  inquire  whether  these  numbers  would  receive  modifica- 
tion from  any  other  source.  In  examining  the  hypothesis  that  the 
component  curves  were  curves  of  sines,  a  separation  of  the  several 
hourly  ordinates  was  necessary,  and  thus  the  four  points  at  which 
the  curves  for  twenty-four  hours  cross  the  line  of  mean  level  were 
brought  into  consideration  each  day.  Two  of  these  points  varied 
necessarily  considerably  in  position,  while  the  two  twenty-four  hours 
apart  were  regular.  Having  found  that  the  curves  of  sines  represent 
very  nearly  the  observations,  the  law  thus  obtained  may  be  used  in 
computing  from  all  the  hourly  observations  of  the  day  the  values  of 
the  maximum  ordinates  for  each  curve ;  forming  the  ordinates  of  the 
observed  curve  into  groups  containing  respectively  the  same  positive 
and  negative  values  of  the  ordinates  of  the  diurnal  curve,  and  again 
of  the  semidiurnal,  arranging  the  groups  for  the  consecutive  twenty- 
four  hours.  It  was  soon  apparent  that  the  ordinates  for  the  semi- 
diurnal curve  would  in  this  way  prove  more  considerable,  in  the 
average,  than  in  the  former  mode  of  computation,  and  that  the  results 
would  be  more  regular;  that  the  ordinates  of  the  diurnal  cuirve 
would,  on  the  average,  be  slightly  dimimshed,  and  in  general  prove 
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more  regular.  These  revised  tables  have  been  prepared  chiefly  by 
Mr.  W.  W.  Gordon  and  Mr.  P.  B.  Hoos.  They  show  on  the  average 
of  the  year  a  diminution  of  the  maximum  ordinates  of  the  diurnal 
curve  of  0,04  foot,  and  an  increase  of  the  maximum  ordinates  of  the 
semidiurnal  curve  of  0,07  foot. 

Classifying  the  corrections  according  to  the  moon's  age,  though 
they  are  irregular,  it  is  apparent  that  there  were  entangled  in  the 
values  of  the  former  computed  maximum  ordinates,  heights  which 
belonged  to  the  semidiurnal  curve.  The  table  of  corrections  for  the 
two  periods  of  six  months,  and  for  the  year,  is  given  below. 

TABIM  NO.  X 

Showing  the  difference  of  maximum  ordinates  of  ditumal  oarye8»  as  computed  by 
the  last  method  of  groups^  and  by  that  first  applied. 


Time  of  moont 
truulL 

First  6  moDtbfl. 

Second  6  months. 

Mean  of  year. 

bonn. 

feM. 

£bm. 

ftet. 

Oi 

—,10 

—,06 

—,08 

l| 

+,03 

+,08 

+,08 

2i 

-^08 

—^02 

—,06 

81 

—,08 

—,09 

-,08 

H 

—,08 

—,09 

—,08 

6i 

—,08 

-,06 

-,04 

H 

—,02 

—,02 

—,02 

H 

—,06 

+,02 

-01 

H 

+,01 

+,02 

+,01 

H 

—,06 

-,08 

-04 

104 

—,08 

-,08 

—,06 

114 

—,08 

—,04 

—,03 

A  consideration  of  the  general  formula  for  the  height  indicates  a 
second  correction.  The  height  of  high  water,  as  given  by  the  formula, 
is  not  the  sum  of  the  two  greatest  heights  of  the  diurnal  and  semi- 
diurnal tides.  The  hypothesis  of  the  interference  of  the  two  waves 
makes  the  high  water  the  sum  of  two  ordinates  (neither  of  which  is 
the  maximum),  depending  upon  the  laws  of  increase  and  decrease 
of  the  curves  respectively,  and  of  the  relative  position  of  the  two 
ordinates.  The  correction  due  to  this  cause  is  readily  found.  The 
part  of  it  which  belongs  to  the  diurnal  curve  will  be  the  difference 
between  D  and  D.co8(^— E) ;  where  E,  according  to  the  hypothesis 
of  the  interference  of  the  two  waves,  is  9  hours ;  and  t  is  the  value 
for  the  maximum  ordinate  of  the  compound  curve,  namely  ( Proc. 
Amer.  Assoc.  Cambridge  Meeting,  page  289), 
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cosec^  —  sect  = 


4C 


This  value  of  tf  containing  C  (the  maximum  ordinate  of  the  semi- 
diurnal curve),  shows  that  the  quantity  will  vary  with  the  time  of  the 
moon's  transit,  according  to  thehalf^monthly  inequality  of  the  height. 
Following  the  course  which  I  have  taken  throughout  this  communi- 
cation to  give  the  resulting  tables  merely,  I  subjoin  the  corrections 

4C 
thus  derived  from  the  tables  for  _,   ,•  from  observation,  the  cona- 

puted  values  of  t,  and  of  D .  cos  (^— E).  The  agreement  of  the  ge- 
neral form  of  this  correction  with  theory  is  a  new  confirmation  of 
the  values  of  the  quantities  C  and  D,  deduced  from  observation, 
which  it  contains. 

TABLE  NO.  XL 

Showing  correction  to  height  of  the  diurnal  wave  for  difference  of  mftTiinnni 
ordinate,  and  of  high  water  ordinate  in  compound  curve. 


Correction  to  maximum 

nme  of  moon*s  tnmiiL 

ordliiate  diurnal  curve. 

bow*. 

Ibet. 

Oh 

—,08 

11 

—.05 

2» 

—,08 

81 

->04 

41 

—,04 

6h 

—,07 

Sh 

—,08 

1h 

—,07 

8i 

—,06 

9* 

—,06 

lOl 

—,05 

lU 

-04 

The  correction  furnished  by  the  last  two  tables,  and  the  corrected 
residual  from  the  table,  are  given  in  Table  )^o.  12  next  following. 
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TABLE  KO.  Xn. 

Showii^  residaalfl  after  oorrectiiig  for  new  compntatioiu  of  ordinate^  and 
difference  between  high  water  and  maTimnTn  ordinates. 


Time  of  mooa^B 

Oorraetlon  of 

Oorreeted 

tnmslt. 

reddnaL 

Seddwd. 

KaiduaL 

hmtn. 

feM. 

fe«c 

fe«L 

01 

-,11 

,22 

,11 

H 

—,02 

,18 

,11 

21 

—,08 

,15 

,07 

8l 

—,12 

,18 

,01 

^i 

—,12 

,08 

— ,04 

5i 

-.11 

,02 

-,08 

6i 

—,10 

,01 

-,08 

71 

—,08 

,08 

—,05 

^i 

-,05 

,08 

,08 

91 

—,09 

.12 

,08 

lOl 

—  10 

,11 

.01 

111 

-.07 

,16 

.09 
+,21 

Meai 

1. . . .  ,017 

Comparing  the  residuals  in  this  table  with  the  uncorrected  ones, 
we  find  their  magnitude  much  decreased  :  the  average  is  now  less 
than  0,02  of  a  foot :  but  the  form  of  the  series  is,  as  before,  that  be- 
longing to  the  semidiumal  curve,  and  is  as  well  marked  as  when  llhe 
quantities  were  more  considerable.  Diagram  No.  6  shows  this  fact ; 
containing  the  curve  of  residuals  firom  Tables  8  and  12,  and  of  half- 
monthly  inequality  deduced  from  the  observations.  This  persistence 
in  the  form  of  the  residuals  affords  the  best  evidence  tbat  the  ir- 
regularities of  the  observations,  and  changes  in  the  mode  of  com- 
putation, do  not  introduce  errors  of  sufiicient  magnitude  to  mask  the 
laws  of  the  phenomena.  I  propose  therefore  to  modify  the  original 
hypothesis,  so  as  if  possible  to  obliterate  this  form  in  the  residual. 

Some  collateral  questions  have  been  examined  in  the  course  of 
this  discussion,  the  results  of  which  are  interesting.  One  of  these  is 
the  comparison  of  the  maximum  ordinates  of  the  diurnal  curve,  cor- 
responding to  the  moon's  declination  north  and  south.  The  average 
value  of  the  sine  of  twice  the  moon's  declination,  and  the  correspond- 
ing average  maximum  ordinate  for  jiorthem  and  southern  declina- 
tions, are  shown  in  the  next  table ;  from  which  it  appears  that  if  the 
values  of  sin  2  6'  were  equal,  the  heights  would  not  differ  appreciably. 
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TABLE  NO.  Xra. 

Showing  the  mean  yalne  of  twioe  the  moon's  declination,  and  the  oorreapoading 
maximnm  ordinates  for  northern  and  southern  deolinations. 


Sine  2S'. 

Mudmam  ordinate. 

Sine  26'. 

Maxtmum  ordinste. 

,410 

,621 

,861 
,410 

,688 
,629 

Another  question  was,  whether  the  residuals,  of  which  Table  No. 
7  shows  a  part,  contained  any  portion  which  varied  with  the  moon's 
declination.  To  test  this,  the  residuals  for  six  months  were  grouped 
according  to  the  declinations,  with  the  following  result. 

TABLE  NO.  XIV. 

Containing  the  residuals  after  subtracting  the  terms  containing  the  sine  of  twice 
tlie  moon's  declination,  and  the  sine  of  twice  the  sun's  declination,  from  the 
maximum  ordinates,  grouped  according  to  the  values  of  the  sine  of  twice  the 
moon's  declination. 


Ayerage  Talue  of  twioe  sine  moon's  declination. 


Groups. 

Average  value. .. , 
No.  of  observations 


Oto20 
,151 
(33) 


20  to  86 
.147 


85  to  45 
,169 
(26) 


45  to  55 
,115 
(44) 


55  to  70 
,167 
(87) 


The  result  indicates  that  there  is  no  such  term  remaining  in  the 
residual. 

Another  question  was,  as  to  whether  changing  the  epoch  would 
improve  the  results.  Several  attempts  of  this  kind  were  made  at 
different  stages  of  the  work,  but  without  any  marked  advantage. 
The  average  result  for  the  year,  as  shown  by  comparing  the  dates 
of  occurrence  of  the  greatest  and  least  maximum  ordinate  of  the 
diurnal  curve,  and  the  greatest  and  least  values  of  the  term  containing 
the  moon's  declination,  is  shown  in  the  next  table.  The  comparison 
is  made  in  two  different  ways  :  first,  by  the  date  of  the  greatest 
value  of  the  ordinate  shown  in  the  table  of  maximum  ordinates ;  and 
second,  by  the  date  shown  by  the  highest  point  of  the  curve,  which 
was  traced  to  represent  the  observations. 
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TABLE  NO.  XV. 

Showing  results  of  comparison  of  dates  of  occnrrenoe  of  the  greatest  and  least 
maximum  ordinate  of  the  dinrnal  corye,  and  the  greatest  and  least  yalue  of 
term  containing  the  moon's  declinatioa. 


DATE  OF  OOCUSRENCE — AYEBAOE  IN  DATS. 

lEUixiinnm 

ordinate 

from  table. 

Haxfmnm 

ordinate 

from  'curve. 

Term  em- 
bracing smi 
and  moon^s 
declination. 

Minimum 

ordinate 

from  table. 

Minimum 

ordinate 

from  curve. 

Term  con- 
taining Bun 
and  moon^B 
decHnatlon. 

16,4 

16,1 

16,0 

16,6 

16,6 

16,0 

The  times  of  occiirrence  of  the  maximum  of  the  diurnal  curve  are, 
as  I  have  already  stated,  connected  by  the  hypothesis  with  those  of 
the  semidiurnal  curve.  The  times  deducible  from  the  observations 
were  so  irregular,  that  I  supposed  it  impracticable  to  do  more  than 
this.  Notwithstanding  all  these  irregularities,  it  turns  out  that  the 
laws  of  the  phenomena  for  the  times  are  deducible  from  the  results. 
The  average  values  follow  those  for  the  semidiurnal  curve  at  the 
proper  intervals.  It  will  be  practicable,  therefore,  to  resume  the 
examination  of  this  part  of  the  subject,  which  I  accordingly  purpose 
to  do. 

II.      SEMIDIURNAL    CURVE. 

The  results  in  relation  to  the  semidiurnal  curve  have  exceeded  my 
anticipations.  Tbe  half-monthly  inequality,  both  in  height  and  time, 
is  very  well  shown  by  the  maximum  ordinates  deduced ;  though  the 
greatest  value  of  the  height  is  only  0,22  foot,  and  the  irregularities 
in  the  separate  observed  high  waters  fall  upon  hours  instead  of  mi- 
nutes. In  the  following  table,  the  maximum  ordinates  obtained  by 
the  method  of  groups  are  used,  and  the  small  correction  for  the 
difference  between  maximum  and  high  water  ordinates  is  omitted. 
The  table  contains  the  time  of  the  moon's  transit  corresponding  to 
the  observed  height;  and  the  height  computed  from  the  formula 
given  by  Mr.  Lubbock  as  resulting  from  Bemouilli's  theory,  and  the 
difference  between  observation  and  theory. 
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TABLE  NO.  XVL 
Showing  half-monthly  inequality  in  height 


.        0-0. 

Hoanof 

Obaerved 

OompnUNl 

DUK  of  obeenred 

moon's  tnmalL 

height. 

height 

and  oompoted. 

0* 

,220 

,228 

—,008 

U 

,196 

,206 

-^016 

2^ 

.199 

,174 

,026 

8i 

,147 

,181 

,016 

H 

,132 

,087 

,046 

H 

.074 

,066 

,018 

61 

,047 

,066 

— ,009 

n 

,074 

'      ,087 

—.018 

81 

,118 

,181 

—.018 

91 

,186 

,174 

—.089 

101 

,138 

,206 

—,078 

lU 

.189 

,228 

—.084 

The  greatest  difference  between  observed  and  computed  heigbts 
is  0,073,  and  the  least  difference  0,003  ;  and  the  mean,  without  re- 
gard to  sign,  is  0,026.  Diagram  No.  8  shows  the  observed  and  com- 
puted curves  of  half-monthly  inequality  of  heights.  The  average 
interval  corresponds  to  2^  Sd'^.of  the  moon's  transit;  which  is  there- 
fore the  zero  point,  or  epoch  of  the  half-monthly  inequality  in  the 
interval. 


The  interval  corresponding  to  the  moon's 

h  m 

transit  at  3  30 

"       for  9  30 


18 


h  m 
11  45 
13  06 


Diff  b     1  20 


which,  converted  into  arc,  is  20^. 


Log  tan20«>  =  log  (A)  =  9,66107  : 

(A)  =  0,364;  i- =  2,747; 

which  is  nearly  the  same  as  that  obtained  by  Mr.  Lubbock  for  Li- 
verpool.    The  difference  between  the  greatest  and  least  heights  is 


(0,220-0,047)  =  0,173.  E  = 


0,173 

2(A) 


=  0,238 


also  the  greatest  height  0,220  =  D+(E)  X  (1+ A)  =  D+0,326 ;  and 
D  =  -0,10. 

Since    -=^  =  (Q'Q^^^Q)'  =  J-,        a^L^JL.. 
ShFS  (A)  66,06'        M         64,06 


Digitized  by 


Google 


i 


1  Digitized  by  Google 


Digitized  by 


Google 


ASTRONOBfT. 


109 


3  half-xnondily  inequality  of  the  intervalB,  we  bave 

^      (A)X8in29      _      0,364  X  sin  2  9 
^f^    -r  -  l+(A)Xco62(p  "  1+0,364 Xco82(p' 
he  heights, 
,  =  -.0,10+(E)x(A)xcofl(24.-2(p)+(E)co82+ 

=  — 0,10+0,087xco8(24.— 29)+0,238Xcos24.. 

feUowing  table  contains  the  half-monthly  inequality  of  times 
id  from  the  observations,  and  computed  from  the  formula  for 
'\tt  and  the  comparison  of  observed  and  computed  quantities. 

TABLE  NO.  XVn. 

og  differences  between  the  results  obtained  firom  the  observations  and  from 
formula. 

Mean  ftom  obflonrotlon  1S,8B. 


0. 

0. 

0— c.  1 

9 

+ 

From 

From 

4- 

^_ 

fonnoU. 

obsenratton. 

h.   na. 

h.    m. 

k     m. 

b.        B. 

B. 

m. 

0   80 

0  08 

12  27 

12  81 

04 

1  80 

28 

12  12 

12  81 

19 

2  80 

86 

11  59 

11   19 

40 

8  80 

42 

11  58 

11  45 

08 

4  80 

88 

11  57 

12  08 

06 

5  80   • 

17 

12  18 

12  24 

06 

6  80 

17 

12  52 

12  88 

14 

7  80 

88 

18  18 

18  09 

04 

8  80 

42 

18  17 

18  27 

10 

9  80 

86 

18  11 

18  05 

06 

10  80 

28 

12  58 

18  05 

07 

11  80 

08 

12  48 

18  05 

22 

H4— 72 

12^  35n  not  being  the  exact  mean  of  the  observed  times,  the  -f-  and 
—  differences  do  not  balance  exactly. 

Diagram  No.  9  shows  the  observed  and  computed  results.  The 
greatest  and  least  heights  correspond  with  the  average  interval,  as 
they  should  do  by  Bemouilli's  theory.  The  mean  lunitidal  interval 
corresponds  to  O**  23",  which  shows  that  a  change  of  epoch  of  one 
transit  would  have  made  the  mean  interval  agree  with  the  transit  at 
0  hours. 
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24.    On  tbb  Atmobpbsric  Envelopes  of  Venus  and  other 
Planets.    By  Pro£  Stephen  Alezander,  of  Princeton. 

Prof.  Alexander  made  a  brief  allusion  to  the  observations  of 
Bianchini,  Cassini  and  Schrdter,  on  the  spots  and  other  phenomena 
presented  by  Venus ;  especially  the  extensive  illumination  beyond  a 
hemisphere,  which  is  most  distinctly  visible  when  the  planet  is  near 
to  its  inferior  conjunction.  He  mentioned  various  instances  in  which 
he  had  himself  observed  this  latter  phenomenon ;  and  remarked, 
moreover,  that  the  intensity  of  it  was  far  too  great  to  be  attributed 
to  a  twilight  produced  by  the  planet's  atmosphere,  he  having  dis- 
tinctly seen  it  when  the  planet  was  If  ^  from  the  sun's  limb.  If,  with 
Herr  Madler,  it  were  attributed  to  an  actual  illumination  of  the  sur- 
face by  refraction,  the  extent  of  the  refraction  might  be  computed  in 
the  manner  stated  by  Herr  M.  in  the  Astronomische  Nachrichten. 
Prof.  A.,  however,  noticed  an  oversight  of  Herr  Madler  with  respect 
to  one  of  the  angles  in  question.  Correcting  this,  the  result  of  Herr 
Madler 's  own  observations  would  be  about  1^  times  that  which  be 
had  given  in  his  paper  in  the  Ast.  Nachrichten  already  referred  to. 
Prof  A.'s  own  results  would,  nevertheless,  indicate  a  refiraction 
nearly  or  quite  the  double  of  that  obtained  firom  Herr  Madler's 
observations.  He  remarked  that  this  might  very  well  be  attributed 
in  part  to  the  irregular  action  of  the  planet's  envelope,  which  some- 
times seemed  to  vary  greatly  from  one  day  to  another ;  although  the 
mean  of  his  observations  for  1839  would  agree  very  weU  with  that 
resulting  from  those  of  1850  and  1861. 

Prof.  Alexander  proceeded  to  remark  upon  the  peculiar  state  of 
the  envelope,  which  these  irregularities  seemed  to  indicate;  and 
made  other  comments  upon  the  state  of  the  envelopes  of  Mercury, 
Mars,  Jupiter  and  Saturn,  and  alluded  to  various  phenomena  pre- 
sented by  these  and  by  the  asteroids  :  from  all  which,  he  drew  the 
conclusion  that  the  envelopes  of  the  asteroids  approached  to  the 
nebular  state ;  that  the  same  was  true,  to  an  inferior  degree,  of  Mars; 
that  the  envelopes  of  Mercury  and  Venus  were  still  in  a  very  un- 
settled state,  and  those  of  Jupiter  and  Saturn  had  very  great  density. 

He  recalled  attention  to  a  statement  which  he  had  made  to  the 
Association  at  its  meeting  in  Philadelphia  in  1848,  having  reference 
to  the  possibility  of  a  mechanical  action  of  the  envelope  of  a  planet 
upon  some  portion  of  the  light  which  passes  very  obliquely  through 
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it  :  that  this  might  possibly  have  to  do  with  the  blue  band  ob- 
served in  lunar  eclipses,  and  certain  phenomena  of  adhesion  of  the 
limbs  in  transits  of  Mercury  and  Venus ;  and  concluded  that  the 
atmospheric  envelopes  of  the  planets  might  be  quite  unlike  that  of 
the  earth,  and  that  the  effect  of  aberration  was  fully  visible,  because 
of  our  atmosphere's  extreme  porosity. 

Prof.  Peirce  said,  with  regard  to  these  atmospheres,  he  would 
mention  the  atmosphere  pertaining  to  the  inner  ring  of  Saturn,  dis- 
covered by  Mr.  Bond,  and  which  he  was  inclined  to  believe  was  no 
ring  at  all.  His  analytical  investigations  were  not  yet  completed  ; 
but  he  had  almost  come  to  the  conclusion  that  that  space  between 
the  outer  and  inner  ring  was  but  an  irregular  opening  in  the  atmo- 
sphere of  Saturn,  which,  from  certain  causes,  might  accumulate  in 
such  a  position,  that  when  the  revolution  of  the  planet  bad  put  the 
ring  and  atmosphere  in  certain  positions,  this  vacancy  in  the  atmo- 
sphere was  perceptible  to  observers.  There  may  be  a  deposition  of 
vapor  taking  place  near  the  edge  of  the  ring  of  Saturn,  which  might 
have  the  appearance,  and  would  account  for  the  phenomenon  as  well, 
if  not  better,  than  by  the  proposition  of  Mr.  Bond. 

Prof  LooMis  asked  Prof  Peirce  if  this  phenomenon  had  not  been 
observed  before,  and  commented  on  by  astronomers  of  high  rank  ? 

Prof  MiTCHEL  had  watched  with  much  earnestness  for  an  op- 
portunity of  observing  these  atmospheric  phenomena ;  but  he  had 
been  unfortunate,  as  he  had  never  yet  had  an  opportunity  of  seeing 
them.  Perhaps  the  fault  lay  in  the  imperfection  of  the  instrument 
which  he  used.  Venus  had  particularly  attracted  him ;  and  he  had 
sought  with  much  eagerness  for  a  sight  of  the  extraordinary  phe- 
nomena which  were  sometimes  exhibited  on  her  surface,  but  he  had' 
never  yet  had  that  good  fortune  which  had  been  accorded  to  other 
observers. 

Prof.  Alexander  stated  that  he  had  certainly  seen  spots  on  the 
disc  of  Venus,  which  had  strongly  attracted  his  attention.  The  in- 
strument he  used  was  a  Fraunhdfer  telescope  of  a  three-inch  aperture. 
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25,  Observations  on  the  Zodiacal  Light,  with  an  Inquirt  into 
ITS  Nature  and  Constitution,  and  its  relations  to  the  Solar 
Ststem.    By  Prof.  Denison  Olmsted,  of  Yale  College. 

I  submit  to  the  AsBociation  a  series  of  observations  on  the  Zodiacal 
Light,  made  by  me  at  Yale  College,  from  1833  to  1839,  upon  the 
basis  of  which  I  propose  to  oflTer  a  new  description  of  this  mysterious 
phenomenon,  and  a  brief  inquiry  into  its  nature  and  constitution, 
and  its  relations  to  the  solar  system.  Particularly,  I  propose  to  in- 
quire whether  or  not  it  is  the  origin  of  the  meteoric  showers  of 
November  and  August. 

Various  circumstances  conspire  to  interrupt  the  continuity  of  a 
series  of  observations  on  the  zodiacal  light,  among  which  are  the 
following  : 

1.  The  comparatively  few  nights  in  the  year  when,  in  our  climate, 
the  sky  is  cloudless,  and  the  atmosphere  sufficiently  clear  to  afford 
good  observations  on  a  light  so  feeble  and  diffuse. 

2.  The  low  angle  which  the  zodiacal  light  makes  with  the  horizon 
for  the  greater  part  of  the  year  while  it  is  visible. 

3.  The  presence  of  the  moon,  which  entirely  effaces  it ;  and,  oc- 
casionally, for  long  periods,  the  presence  of  Veniis  or  Jupiter,  and 
sometimes  of  both  planets.  The  light  of  Venus,  especially,  is  often 
so  bright,  and  the  planet  is  so  situated  in  the  midst  of  the  zodiacal 
light,  as  greatly  to  interfere  with  observations.  Hence  a  number  of 
years  are  necessary  of  diligent  attention  to  the  phenomena  of  this 
light,  in  order  to  become  well  acquainted  with  its  habitudes  and  laws. 
Nor  can  I  pretend  to  have  made  the  best  possible  use  of  the  op- 
portunities afforded  for  viewing  it,  during  the  six  years  that  my 
attention  was  directed  to  it.  On  the  contrary,  my  observations  were 
often  inteiTupted  by  ill  health,  and  other  causes  beyond  my  control. 
Still  they  were  sufficient  to  convince  me  that  my  previous  knowledge 
of  this  body  was  exceedingly  defective,  and  my  notions  of  it  very 
erroneous ;  and  the  same  may  justly  be  said  of  most  or  all  of  the 
descriptions  and  graphic  representations  of  it  given  in  works  of 
science. 

I  will,  therefore,  first  attempt  an  accurate  description  and  repre- 
saUation  of  the  zodiacal  light. 

Since  the  direction  of  this  body  is  oblique  to  the  circles  of  diurnal 
revolution,  and  since  it  appears  only  immediately  before  or  im- 
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■lediately  after  the  sun,  and  therefore  more  or  leae  of  it  falls  within 
the  twilight,  consequently  its  appearances  are  very  difibrent  in  di^ 
ferent  latitudes  ;  being  seen  best  of  all  in  the  tropical  regions,  where 
its  direction  always  makes  a  high  angle  with  the  horizon,  and  where 
the  twilight  is  short ;  and  being  scarcely  visible  in  such  high  latitudes 
as  London  and  Edinburgh,  except  near  the  time  of  the  equinoxes. 
Hence  British  writers,  who  have  attempted  a  description  of  it,  have 
usually  given  one  that  is  altogether  vague  and  inaiscurate.  The  lower 
latitude  of  oj^  place  of  observation  ( 41°  18'  30")  affords  a  much 
better  view  of  it,  and  my  description  an^  representation  of  it  will 
conform  to  its  appearance  at  this  latitude. 

I  leani  from  my  friend  Prof  Duna,  that  while  with  the  Exploring 
Expedition  in  the  torrid  zone,  he  seldom  failed  of  seeing  the  zodiacal 
light  morning  or  evening,  when  not  prevented  by  some  of  the  causes 
before  enumerated ;  but  during  the  summer  months  in  our  climate, 
we  hardly  see  it  at  all.  At  the  beginning  of  autumn  we  look  for  it  in 
the  morning  sky,  and  at  the  end  of  autumn  in  the  evening  sky.  The 
state  of  the  atmosphere  most  favorable  for  seeing  it  at  its  minimum 
intensity,  is  thi^  peculiarly  transparent  condition  which  either  pre- 
cedes or  follows  a  copious  rain.  The  presence  of  a  black  cloud,  also» 
near  the  horizon,  frequently  enables  us  by  contrast  to  see  more  dis*- 
tinctly  the  faint  diffusive  light  of  the  upper  portions.  With  these 
advantages,  we  may  unite  that  of  fixing  one  eye  on  a  darker  portion 
of  the  heavens  a  few  degrees  to  the  right  or  left,  and  looking  askance 
with  the  other  eye  over  the  region  of  the  object  sought.  This  last 
expedient  will  usually  be  found  useful  for  fixing  its  exact  boundaries 
in  its  various  stages  of  intensity. 

Although,  as  was  first  remarked  by  Mr.  E.  C.Herrick,  faint  traces 
of  the  zodiacal  light  may  be  seen  in  the  northeast  early  in  August, 
yet  it  will  hardly  be  obvious  to  common  observation  before  the  latter 
part  of  September.  I  quote  from  my  record  for  September  25, 1835: 

Obeerved  the  zodiacal  light  from  8  to  4)  o'clock;  a.  x.  Very  faint  Seen  only 
by  fixing  the  ri^  eye  on  the  region  of  Cania  Major,  and  cairying  the  left  eye 
along  the  ediptie.  Coven  Begulua  and  the  elaatar  in  Cancer,  and  terminatea  a 
little  south  of  Caator. 

The  earliest  distinct  view  I  have  obtained  of  this  body  in  the  eve- 
ning sky  was  on  the  twenty-first  of  November,  1837,  when  I  have 
the  following  record  : 

Have  eonatantfy  searched  for  the  xodiaeal  light  in  the  evening  since  the  18th 
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insilaiit  Imagined  that  that  part  of  the  miUcy  waj  where  thia  light  would  erta 
it  was  more  luminoas  than  eommon,  but  the  light  is  ambiguous  on  aeeount  of  the 
presence  of  Venus ;  but  this  eyenin^  examined  it  in  company  with  three  of  mj 
astronomical  pupils,  all  distinguished  for  acutenese  of  vision.  At  *l  o^dock,  Venus 
being  near  the  horizon  and  hid  behind  a  cloud,  we  could  seyerallj  define  the 
boundaries  of  the  zodiacal  light  Bj  fixing  the  right  eje  on  the  milkj  way  near 
Altair,  and  the  left  eye  near  the  head  of  Capricomus^  we  could  discern  a  pyramid 
less  bright  than  the  milky  way,  but  still  sufficiently  distinct  to  be  sure  cff  Ita 
presence  :  its  upper  edge  graxed  Alpha  and  Mu  Capricomi  and  Beta  Aquarii,  ita 
vertex  reaching  to  the  right  shoulder  of  Aquarius.  Light  very  feeble  and  diffuse  ; 
but  the  triangular  space  between  it  and  the  milky  way,  embracing  the  Dolphin^ 
perceptibly  darker.    Elongation  from  the  sun  90^ 

As  a  description  of  the  zodiacal  light,  Bufficient  to  guide  the  ob- 
server, I  will  offer  the  following.  From  die  middle  of  September 
until  the  latter  part  of  November,  be  wiH  confine  bis  attention  to  the 
morning  sky.  An  hour  and  a  half  before  daybreak  (which  is^  at  that 
season  of  the  year  in  onr  climate,  about  four  o'clock),  he  will  first  dis- 
cern a  feeble,  diffuse,  and  scarcely  visibleiight,  of  a  pyramidal  figure, 
extending  fi-om  the  horizon  upward  through  the  zodiac  to  Gremini, 
covering  Regulus  and  Presepe,  and  terminating  a  li|^e  south  of  Caa* 
tor.  Near  the  horizon  its  material  is  usually  mixed  up  with  the  vapors 
that  prevail  there,  so  as  to  prevent  its  forming  a  definite  boundary 
at  its  base ;  but  firom  on  altitude  of  a  few  degrees  above  the  horizon 
the  light  is  at  a  maximum,  whence  it  fades  gradually  upwards  into 
nonentity.  Along  the  central  part  of  the  pyramid,  the  illuminaticm  ia 
greater  than  at  the  borders.  From  the  greater  length  and  amplitude 
revealed  to  us  by  circumstances  peculiarly  favorable  for  observation, 
we  have  reason  to  think  that  on  ordinary  occasions  we  do  not  see  the 
whole  of  the  body,  but  that  it  really  extends  further  than  its  visible 
boundaries  both  in  length  and  breadth.  If  the  observer  continues  to 
watch  this  body  from  the  middle  of  September  onward  through  the 
month  of  October  to  the  middle  of  November,  he  will  perceive  that 
the  vertex  or  visible  terminus  moves  along  through  the  order  of  the 
signs,  and  nearly  at  the  same  rate  with  the  sun ;  appearing,  on  the 
twenty-fifUi  of  October,  to  occupy  the  space  south  of  Denebola  in 
the  tail  of  the  Lion,  terminating  a  little  above  Regulus.  From  this 
time  until  the  middle  of  November  it  appears  nearly  stationary,  as- 
cending from  the  horizon  to  the  constellation  Leo,  in  some  part  of 
which  it  terminates,  the  vertex  varying  somewhat  in  altitude  with 
the  conditioi^of  the  sky.  After  the  thirteenth  of  November,  the  light 
fades  in  the  morning  sky,  contracts  in  dimensions,  and  soon  becomes 
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Stationary  and  then  retrograde  with  reepect  to  the  sun  ;  proceeding 
eastward  no  farther  than  Gamma  Virginis*  a  point  which  it  reaches 
by  the  twenty-sixth  of  November,  baying  at  this  time  an  elongation 
of  only  60^»  whereas  a  fortnight  before  the  elongation  was  90^.  As 
the  sun  advances  in  the  ecliptic,  while  the  light  appears  nearly  sta- 
tionary, the  elongation  on  this  side  continues  to  diminishy  as  well  as 
the  dimensions  and  the  illumination,  until  early  in  January,  after 
which  it  is  scarcely  seen  in  the  east  until  August. 

The  foregoing  general  statements  are  supported  by  observations 
taken  at  different  times  through  the  period  of  six  years  befi>re  men* 
tioned,  a  few  of  which  I  extract  from  my  records  : 

Nov.  26,  1837.  Thia  morning  about  daybreak,  saw  tka  zodiacal  light  :  very 
bright  and  distinct^  bnt  elongation  only  60°. 

Nov,  28.  Commenced  observations  at  five  o'clock.  Zodiacal  ligbt  bri^ter  than 
uaaal  in  preceding  yean  at  this  seioaon,  bat  the  vertex  appears  nearly  stationary 
in  (ramma  Virginia. 

J)ee.  5.    Zodiacal  light  visible  this  morning  as  early  as  three  o'clock  :  not  quite 

00  bright  as  on  the  twenty-eighth  of  November,  but  increased  in  brightness  from 
three  o'clock  till  daybreak.  Vertex  still  in  Gamma  Virginis. 

Dee.  9.  Examined  the  eastern  sky  from  4*  80"»  till  daybreak :  very  cold  and 
dear.  Zodiacal  light  much  less  l»ight  than  on  the  fifth  :  width  also  less ;  when 

1  first  went  out,  could  scarcely  see  it  Became  ^tinct  by  five  o'clock,  half  an 
hour  before  daybreak ;  yet  much  feebler  than  it  was  ten  days  ago.  Contracted 
between  Spica  and  Theta  Virginis^  4°  north  of  Spioa;  whereas  a  few  days  since 
the  border  grazed  this  star. 

JarL  18,  1887.  Zodiacal  light  very  dififusive  and  ill-defined.  Seen  after  thia  no 
more  in  the  east. 

We  will  now  introduce  the  observer  to  the  toestem  sky.  Here  the 
zodiacal  Hght  first  comes  into  view,  so  as  to  be  distinctly  defined, 
about  the  twenty-first  of  November ;  at  which  time  it  lies  far  in  the 
southwest,  crosses  th'e  milky  way,  the  head  of  Capricomus,  and  has 
its  vertex  near  the  right  shoulder  of  Aquarius,  with  an  elongation 
from  the  sun  of  full  90<*,  From  this  time  it  climbs  rapidly  upwards, 
until  by  December  2d  it  reaches  nearly  to  Algenib  in  the  equinoctial 
colure,  having  an  elongation  of  more  than  100®.  By  about  Christmas 
the  vertex  reaches  almost  to  Alpha  Arietis,  having  an  elongation  of 
towards  120®.  It  becomes  neai*ly  stationary  through  the  month  of 
January ;  but  in  February  and  March  it  moves  slowly  onward  through 
Taurus  to  Gemini,  beyond  which  it  scarcely  advances.  The  accom- 
panying diagram  is  intended  to  represent  the  general  appearance  of 
the  zodiacal  light,  when  seen  under  favorable  circumstances  near 
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tfa^  time  of  thjB  iiernsil  equmox^  It  is  seen  of  a  pyrainidal  form,  with 
a  broftd  ba&e  resting  on  tbe.hotizon.  |tB  nfoTdieni' border  graz<&s  the 
bright,  star  Algenib  in  PegasuBr'para^  south  of  Alpha  Arietis^even 
oi.  eight  degrees^  and  about  two^  degrees  south  of  the  Pleiades.  Along 
it0  southern  bouodary  weTecogaice  the  stai^  in  the  moath  and  heck 
of  the  Whale»  and»  still  higher,  Aldebsran,  the  Hyades,  and  the  horns 
of 'the  Bull,  The  successive  positions  attribiiTed  to  tU&  zodiacal  Hght 
from  the  time  of  4it8  earliest  .appear an (m&  in  the(  western  sk]r»  the 
^enity-£r8t,of 'Noyembei:»  tp^he  v^n<il  e^uinox^  are  jboC  ahlsoh^ely 
liniibrm ;  but  they  still  CM^rrespHrind  to  obsenratiQns  made  during'  the 
six  years  before  xnentipned,  as  wi^  appear  t^otM  a  few  extracts  from 
my  record  book.  I  have  already  recited  the  observation  of  Noyember 
21st,  1837,  when  the  return  of  this  body  to  the  western  sky  W3S  first 
recognized.  -  ».  .       .     / 

'  ifw.  26,  1887.    tigHt  feebl«,  Vontifl  being  rery  hri^t ;  bnt  seen  aVt«r  "^^ftnna 
"was  set,  reaching  nearly  to  the  FUh  south  of  Pegasus.    "EloDgation  lo6^, 
*    Dee.  2.    Neyr  mooU  begitu  to  interfere  with  obsenratSons ;  but  this' evening 
the  zodiacal  light  ira*  yisible' after  tiie  moon  was  8e£  :  covei^  the  pentagoki  in 
Pisees,  and  reaehea  bJeyond  it    Elongation  110*^. 

Dee:  18.  £arly  jpart  of  the  day  a  Tiolent  rain  and  high  wind  :  cleared  oDT  to- 
wards night.  Zodiaeal  light  Very  bright,  reachiiig  at  least  to  Alpha  Arietis ;  near- 
ly as  bright  as  th«  mSkj  way.    Eioiigation  ISO^.  » 

..  It  ought  to  be  rei^rked  that  jthe.  pheboixieaa  of  this  body  were 
peculiarly  striking  in  the  autumn  and  wintet  of  193V  ;  and  the  ob- 
servations made  this  year  sh6w  a  greater  intensity  df  light,  and  a 
greater  elongation  from  the  sun,  than  those  of  correspoi^ding  aates 
4n  1835  and  1836.  '     «, 

'  Dec.  2l,  - 1886.  This  eyening  atmosphere  very  transpateiit  Zodiaeal  light  very 
ttottspicuouG^  reaehing  nearly  ta  AJgeniby  tfaongh  quite 'faint  towa>d»  thfc  Vertex. 
JBil<ti|^tion  90^.     •  .    • ' .  .  ' 

.  Dec,  28,  1887.  Night  fayorabk.  Appoored  to  ftte  >ot  tp  N#<ili  <2«it^  90  far 
eastward  as  it  did  a  few  nights  since ;  certainly  not  beyond  the  ^qvlotootUil  co- 
lure.  Could  not  be  certain  much  further  than  the  pentagon  of  stars  iiv  Pisces. 
Elongation  15^. 

l^eb.  1-i  Zodiacal  light  yery  conspieuouff  siiice  th6  kst'tdDon;  hut  has  <idvflaiced 
'«aatward  very  little  smoe  Chiistmae^  stSA  reaobhig  <mfy'to  Alpha  AridtU  'Elon- 
•gatidi^  7&^'.-  .:*.;,:.- 

^  Feb,  24.  First  night  ainGe  the  moo^.hn  been  away,:  bky  f9yi>tabl6  for  ob- 
seryation.  Zodiacal  'light  bright  and  well  defined,  Its  axis  nearly  in  the  ecliptie ; 
reaches  to  the  space  between  Aldebaran  and  the  Pleiades.    Elongation  85^. 

March  26.  Zodiacal  light  very  bright,  reaching  above  the  Pleiades,  "which  are 
a  little  north  of  the  axis.    Elongation  SO®. 
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March  29.    Light  more  iunt  EloBgatioa  60^  :  yertex  near  &e  ediptia 

April  6.     Light  fadiBg  rapidly  :  yery  diffuae. 

Maif  I,  Last  night  a  very  plentiful  rain,  after  a  series  of  warm  days.  To-day, 
air  keen  and  sky  very  clear.  This  evening  zodiacal  light  remarkably  distinct  (for 
this  season  of  the  year),  being  discernible  much  nearer  the  horizon  than  common, 
and  reaching  further  eastward  among  the  stars  than  I  ever  observed  it  before^ 
namely,  into  the  neighborhood  of  Castor  and  Pollux.  E3ongation  60^,  but  pre- 
sumed to  be  much  greater  than  it  Would  be  but  for  the  extraordinary  transparency 
of  the  atmosphere. 

May  10,  1834.  Zodiacal  light  seen  for  ten  minutes  after  twilight  ceased,  aay 
till  ten  minutes  after  nine  ;  reached  to  Castor,  but  very  diffuse,  ^ongation  57®. 

Seen  no  more  in  the  west  till  the  latter  part  of  November. 

To  present  at  one  view  the  various  elongations  from  the^  sun, 
observed  from  November  21st  to  May  lOth,  the  result  is  as  follows : 


1.  November  2l8t, 

2.  November  26th, 
8.  December  2d, 
4.  December  18th, 
6k  December  21flt, 
6.  December  28th, 


elongation,    909. 

100°. 

"     110° 

120°. 

"      90°. 

75°. 


7.  February  7th,       elongation,    76°. 

8.  March  29th,  "  60°. 

9.  April  6th,  light  rapidly  fading. 
10.  May  1st,  elongation,    60®. 
IL  May  10th,  «  67°. 


From  this  tabular  view,  it  appears  that  when  the  body  first  camje 
into  view  on  the  twenty-first  of  November,  it  extended  about  90° 
eastward  of  the  sun ;  that  its  elongation  increased  rapidly  from  this 
period,  being  five  days  afterwards  100°,  in  six  days  more  110°,  and 
in  fourteen  days  after  this  120°,  which  is  the  greatest  elongation  I 
have  ever  noticed  ;  and  being  at  the  same  time  about  60°  westward 
of  the  sun,  its  whole  extent  in  longitude  was  180°. 

I  have,  in  a  few  instances,  remarked  what  was  apparently  a  sud- 
den and  remarkable  expansion  of  the  zodiacal  light,  a  circumstance 
more  than  once  noticed  by  CassinL  My  record  for  November  2l6t, 
1838,  is  as  follows  : 

At  6  A.  M.,  about  twenty  minutes  before  twilight,  the  zodiacal  light  was  very 
larger  e^ctending  in  breadth  from  Corvus  to  Arctums.  Never  saw  it  so  broad  be- 
fore. More  inclined  towards  the  south  than  usual,  its  vertex  passing  one  or  two 
degrees  to  the  south  of  Regulus. 

Whether  this  extraordinary  enlargement  in  breadth,  implying  a 
space  of  more  than  40°,  was  owing  to  a  change  in  the  body  itself, 
or  to  some  unusual  atmospheric  refraction,  or  the  accidental  presence 
of  an  aurora  borealis,  it  is  impossible  for  me  to  decide. 

It  is  well  known  that  the  great  French  astronomer,  Dominique 
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Cassini,  was  the  first  to  direct  the  attention  of  astronomers  towards 
the  zodiacal  light ;  and  that  he  made  numerous  observations  on  it, 
extending  from  1683  to  1688  inclusive,  which  are  published  in  the 
eighth  volume  of  the  Memoirs  of  the  French  Academy,  together 
with  observations  on  the  same  phenomenon  made  at  Geneva  by  a 
friend  of  his,  M.  Fatio.  An  elaborate  digest  of  these  records  was 
made  by  Mairan  in  his  celebrated  Treatise  on  the  Aurora  Borealis, 
including  also  a  few  observations  of  his  own  and  of  several  other 
philosophers.  It  is  interesting  to  compare  these  ancient  observations 
with  such  as  we  have  been  able  to  make  at  corresponding  times  of 
the  year ;  and  having  made  this  comparison  in  numerous  instances, 
I  feel  able  to  say  that  the  zodiacal  light,  in  the  main,  is  the  same  thing 
that  it  was  in  the  days  of  Cassini  and  Mairan ;  being  subject  to 
similar  variations  at  different  seasons  of  the  year,  and  in  different 
states  of  the  atmosphere.  I  shall  avail  myself  of  such  aid  as  I  can 
obtain  from  this  and  every  other  source  in  the  remaining  parts  of 
this  essay. 

KATUBS  AND  OONSTmniON  OF  THS  ZODUCAL  IIOBT. 

1.  Length,  The  extreme  portions  of  this  body  sometimes  extend 
beyond  the  earth's  orbit.  It  is  obvious  that,  at  an  elongation  of  90**, 
it  must  reach  a  tangent  drawn  to  the  earth's  orbit  at  the  place  of  the 
spectator ;  and  if  it  reaches  beyond  that  tangent,  as  is  sometimes 
the  case,  it  must  of  course  extend  beyond  the  earth's  path.  According 
to  one  of  our  observations,  on  the  eighteenth  December  1837,  its 
elongation  was  120°. 

The  variable  apparent  elongation  to  which  this  phenomenon  is 
subject  is  more  or  less  influenced  by  three  causes  :  the  state  of  the 
atmosphere,  the  inclination  of  its  line  of  direction  to  the  horizon, 
and  the  length  of  the  twilight.  In  order  to  eliminate  the  effect  due 
to  atmospheric  changes,  we  require  numerous  series  of  observations 
continued  through  successive  years,  and,  if  possible,  instituted  at 
long  intervals  of  time.  The  mean  of  such  an  assemblage  of  observa- 
tions would  exhibit  results  nearly  free  from  the  effects  of  accidental 
variations  in  the  transparency  of  the  atmosphere.  Since  the  axis  of 
the  zodiacal  light  does  not  deviate  far  from  the  ecliptic,  we  may 
imagine  it  to  be  represented  by  a  portion  of  that  circle  on  the  arti- 
ficial globe ;  and  we  shall  easily  see  that  since  its  inclination  to  the 
horizon  varies  between  twenty-five  and  seventy-two  degrees,  being 
twenty-five  at  the  vernal  equinox  (twenty-five  degrees  with  the  eas- 
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tern  and  seveDty-two  degrees  Mrith  the  western  horizoii)»  this  cause 
must  greatly  affect  the  degree  of  intensity  of  the  zodiacal  light.  The 
same  must  obviously  be  the  case  with  the  variations  in  the  length  o{ 
twilight ;  being  an  hour  and  a  half  after  sunset  at  the  vernal  equinox, 
and  two  hours  and  a  quarter  after  sunset  at  the  summer  solsticb. 
But  were  these -causes,  combined^  the  only  or  the  chief  reason  why 
the  apparent  elongation  of  the  zodiacal  light  from  the  sun  is  greater 
at  one  tirbe  than,  at  another,  then,  since  at  the  vernal  equinox  the 
elevation  above  the  horizon  is  at  its  maximum  and  the  duration  of 
twilight  at  its  minimum,  the  apparent  elongation  ought  to  be  greatest 
of  all  5  wheresB  it  is  then  only  60°,  while,  from  the  twenty-first  of 
Novemb^  to  the  eighteenth  of  December  1837,  we  found  it  increase 
from  90°  to  120°,  and  this  at  a  season  of  the  year  when  the  elevation 
above  the  southern  horizon  is  near  its  minimum,  and  the  duration  of 
twilight  is  longer  than  before.  Nor  is  this  an  anomalous  fact  :  the 
elongation  has  uniformly  appeared  greater  in  the  west,  during  the 
months  of  December  and  January,  than  during  March  and  April. 
Again,  at  the  winter  solstice,  the  elevation  is  much  greater  in  the 
morning  than  in  the  evening ;  but  the  light  is  far  more  conspicuous 
in  the  west  than  in  the  east. 

2.  Direction.  The  general  direction  of  the  zodiacal  light  is,  as  its 
name  imports,  from  the  sun  .along  the  zodiac^  Cassini  and  Mairan 
thought  that  its  axis  lay  nearly  or  quite  in  the  plane  of  the  solar 
equator,  making  an  angle  witli  the  ecliptic  of  seven  and  a  quarter 
degrees  ;  and,  accordingly,  that  its  nodes  must  be  in  the  part  of  the 
ecliptic  which  the  earth  traverses  in  June  and  November.  But  Ca4- 
sini  himself  remarked  that  the  direction  of  the  axis  is  not  always  the 
same  :  on  several  occasions  the  vertex  appeared  to  him  to  veer  to 
the  northward  of  its  previous  direction  ;  so  that  while  it  would  at 
one  time  just  ^aze  Alpha  Arietis  on  its  northern  border,  shortly 
afterwards  that  star  would  be  wholly  within  it.  Before  I  had  met 
with  these  statements  in  Cassini,  I  had  several  times  remarked  the 
same  changes  in  the  direction  of  the  axis,  the  vertex  sometimes  lying 
in  the  ecliptic  itself  :  nor,  as  I  think,  will  the  observations  warrant 
the  conclusion  that  the  axis  of  this  body  cuts  the  sun,  and  con- 
sequently lies  across  the  ecliptic  in  the  plane  of  a  great  circle.  On 
the  nineteenth  of  January  1835,  the  northern  border  was  8°  south 
of  Castor,  and  the  vertex  directed  to  a  point  south  of  the  Pleiades  : 
consequently  its  axis  could  not  have  been  far  from  the  ecliptic ;  but 
on  the  twentieth  of  March  the  vertex  reached  above  the  Pleiades, 
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md  the  axu  had  perceptibly  veered  northward  from  die  ediptic 
These  obaervations,  taken  in  connection  with  those  of  Cassini,  in- 
dicate til  at  the  supposed  relation  of  this  body  to  the  solar  equator  ib 
not  constant.  In  the  year  1843,  M*  Houzeau  published  an  article  in 
tlie  Astronomische  Nachrichten,  in  which  he  investigated  the  plane 
of  symmetry  of  the  zodiacal  light  from  data  derived  from  a  com- 
parison and  digest  of  all  the  observations  he  could  collect.  He  makes 
the  inclination  less  than  half  that  of  the  solar  equator,  and  the  place 
of  the  nodes  of  course  quite  different  from  that  assigned  to  them  by 
Cassini.  If,  then,  «s  b  demonstrated  by  Houzeau,  the  normal  place 
of  the  axis  gives  it  an  inclination  of  only  about  3^^,  the  great  oc- 
casional deviations  from  this  direction  confirm  our  remark,  that  the 
course  of  the  zodiacal  light  along  the  zodiac  is  not  always  thesamey 
but  is  subject  to  vary  with  the  seasons  bf  the  year. 

3.  Moti&M,  The  zodiacal  light  sometimes  moves  forward  in  the 
order  of  the  ^igns ;  it  is  sometimes  stationary  among  the  stars,  and 
sometimes  retrograde.  Beginning  with  morning  observations  in 
August,  and  noting  its  positions  from  day  to  day,  we  see  it  first 
stretching  across  the  middle  of  the  constellation  of  the  Twins*.  The 
vertex  moves  slowly  along  through  the  constellations  Gemini,  Can- 
cer and  Leo  ;  being,  on  the  thirteenth  of  November,  a  little  east  of 
Gamma  Leonist,  having  in  three  months  shifted  its  place  eastward 
nearly  three  signs,  and  consequently  nearly  kept  pace  with  the  sun 
in  its  annual  revolution,  maintaining  an  average  elongation  from  that 
body  of  90  degrees.  After  the  middle  of  November  its  light  fades 
away  in  the  east,  its  vertex  becomes  nearly  stationary,  and  of  course 
its  elongation  westward  of  the  sun  diminishes,  until  the  early  part 
of  January,  when  it  is  hardly  visible  at  all  in  the  morning  sky.  In 
the  mean  time,  this  light  has  been  rapidly  rising  in  the  evening  sky, 
and  to  this  we  will  next  direct  our  attention. 

We  have  seen  that  about  the  twenty-fifth  of  November  its  upper 
portions  reach  beyond  Capricornus,  its  vertex  extending  to  the  right 
arm  of  Aquarius.  From  this  time  it  moves  onward,  sometimes  more 
rapidly  than  the  sun,  but  with  an  average  elongation  of  90^,  until 
about  the  twenty-fourth  of  February,  when  it  reaches  a  point  a  litde 
south  of  the  Pleiades.  From  the  latter  part  of  February,  its  progress 
eastward  has  seemed  to  me  slower  than  before,  hardly  gaining  one 

*  Above  this  pointy  the  light  is  blended  with  that  of  the  milky  way. 
I  CaaBim  placed  it  in  1686  at  Chi  Leonis. 
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sign  £>r  the  next  three  months,  scarcely  ever  being  distinctly  visible 
beyond  Castor ;  although  neither  the  want  of  elevation  above  the 
southern  horizon,  nor  the  length  of  the  twilight,  would  prevent  its 
being  seen  beyond  this,  if  in  reality  it  existed  there.  Finally,  early 
in  April  it  rapidly  fades  away,  and  soon  after  the  first  of  May  dis- 
appears altogether. 

These  &cts  respecting  the  zodiacal  light  are  derived  chiefly  from 
my  own  observations,  made  and  recorded  at  different  times  during 
the  six  years  following  1833  ;  but  on  comparing  them  with  the  ob- 
servations of  Cassini  made  towards  170  years  ago,  a  near  correspon- 
dence will  be  found  between  them  ;  and  the  same  will  be  the  case  if 
the  comparison  be  made  with  the  tabular  view  of  observations  col- 
lected from  various  authorities,  as  given  by  Houzeau  in  1843. 

In  some  cases,  the  apparent  progress  of  this  body  through  the 
signs  corresponds  so  nearly  to  that  of  the  sun,  as  to  suggest  the  idea 
that  it  is  something  attached  to  the  sun,  and  has  an  apparent  motion 
due  to  the  same  cause,  namely,  the  motion  of  the  earth  in  its  orbit. 
In  other  cases,  however,  its  movements  are  too  sudden  and  too  un- 
like those  of  the  sun  to  permit  such  a  conclusion.  At  one  time,  as  we 
have  seen,  its  elongation  from  the  sun  increases  rapidly  from  90°  to 
120** ;  at  other  times  it  becomes  for  considerable  periods  stationary 
among  the  stars,  and  even  retrograde  :  facts  which  seem  to  imply 
motions  of  its  own,  independent  of  the  sun  and  the  earth  ;  and  such 
motions  in  any  body  thus  situated,  though  they  might  be  greatly 
modified  by  perspective,  can  hardly  be  any  other  than  motions  of 
revolution.  On  this  subject  Laplace  has  the  following  remarks^  at  the 
end  of  his  chapter  «*  on  the  figure  of  the  atmosphere  of  the  sun."   ' 

(1).  "This  atmosphere  can  extend  no  further  than  to  the  orbit  of 
a  planet,  whose  periodical  revolution  is  performed  in  the  same  time 
as  the  sun's  rotary  motion  about  its  axis,  or  in  twenty-five  days  and 
a  half  :  therefore  it  does  not  extend  so  far  as  the  orbits  of  Mercury 
and  Venus,  and  we  know  that  the  zodiacal  light  extends  much  be- 
yond them. 

(2).  "  The  ratio  of  the  polar  to  the  equatorial  diameter  of  the  solar 
atmosphere  cannot  be  less  than  § ;  and  the  zodiacal  light  appears 
under  the  form  of  a  very  flat  lens,  the  apex  of  which  is  in  the  plane 
of  the  solar  equator  :  therefore  the  fluid  which  reflects  to  us  the 
zodiacal  light  is  not  the  atmosphere  of  the  sun ;  and  since  it  sur- 
rounds that  body,  it  must  revolve  about  it  according  to  the  same  laws 
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as  tbe  planets.  Periiaps  this  is  the  reason  why  its  resistance  to  tfaeir 
motions  is  insensible." 

4.  Material.  The  matter  of  which  the  zodiacal  light  is  composed, 
presents  many  analogies  to  that  of  comets.  In  its  visible  form,  in  its 
direction  with  respect  to  the  sun,  in  its  very  shade  and  color,  in  its 
increasing  density  towards  the  snn,  in  its  transparency  which,  as  in 
comets,  is  such  as  to  permit  small  stars  to  be  seen  through  almost 
every  part  of  it ;  in  all  these  respects,  we  recognize  a  great  res^n- 
blance  between  the  zodiacal  Hght  and  the  tails  of  comets.  We  are  at 
least  authorised  to  say  that  it  is  a  "  nebulous  body." 

From  all  the  foregoing  considerations  on  the  nature  and  consdta- 
don  of  the  zodiacal  light,  we  infer,  then,  that  it  is  a  nebulous  body, 
revolving  around  the  sun  in  an  orbit  but  slightly  inclined  to  the 
ecliptic. 

I  proposed  finally  to  inquire  whether  or  not  the  zodiacal  light  is 
the  origin  of  the  meteoric  shoioeri  of  November  and  August,  and  es- 
pecially those  of  November. 

It  may  be  known  to  some  present,  that  afler  the  great  meteoric 
shower  of  November  13th,  !  833,  I  published  in  the  American  Jour- 
nal of  Science  some  observations  on  the  phenomena  and  causes  of 
that  remarkable  exhibition  of  shooting  stars ;  in  which  I  came  to  the 
conclusion  that  they  proceeded  from  a  nebulous  body  revolving  about 
the  sun,  and,  at  its  aphelion,  approaching  very  near  to  that  part  of 
the  earth's  orbit  through  which  the  earth  passes  on  the  thirteenth  of 
November.  At  the  conclusion  of  the  essay,  I  suggested  the  possiln* 
lity  that  the  zodiacal  light  might  be  the  body  in  question.  I  was 
'reluctant,  however,  to  insist  on  such  a  connection;  because  the 
existence  of  the  nebulous  body  was  inferred  from  evidence  wholly 
independent  of  the  zodiacal  light,  and  even  before  the  zodiacal  light 
was  thought  of  In  fact  at  that  time  I  had  very  vague  ideas  respecting 
this  light,  as  something  that  appears  in  the  west  afler  twilight  about 
the  time  of  the  vernal  equinox,  but  I  did  not  even  know  that  it  vras 
ever  visible  at  the  period  of  the  year  when  the  November  meteors 
occurred ;  for  at  that  time  I  had  never  read  either  the  observations 
of  Cassini  on  this  body,  or  the  treatise  of  Mairan  on  the  aurora 
borealis,  where  so  much  is  ascribed  to  its  agency  in  the  production 
of  this  latter  phenomenon.  Nearly  twenty  years  have  since  elapsed, 
and  I  have  had  sufficient  opportunity  to  observe  the  zodiacal  Hgbt, 
and  to  reflect  on  the  question  of  its  possible  connection  with  the 
meteoric  showers  of  November  and  August  :  the  result  is  an  in* 
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creasing  convicdon  of  Bucb  a  connection.  I  may  here  remark  tliat 
the  first  idea  of  such  an  origin  of  the  November  meteors  is  now 
generally  ascribed  by  European  writers  to  M.  Biot.  It  may  be  proper, 
however,  to  state  that  the  paper  in  which  M.  Biot  first  mentions  the 
subject,  is  an  essay  read  before  the  French  Academy  soon  after  the 
meteoric  shower  of  November  1836,  three  years  after  my  paper  was 
published.  M.  Biot  does  indeed  favor  the  idea  that  these  showers  of 
meteors  have  their  origin  in  the  zodiacal  light ;  but  in  noticing  the 
the  views  which  I  had  published  respecting  the  cause  of  the  meteoric 
shower,  which  he  did  me  the  honor  to  review  at  some  length  and  in 
a  manner  very  encouraging  to  myself,  he  distinctly  stated  that  I  bad 
in  my  paper  suggested  the  idea  that  the  zodiacal  light  might  possibly 
be  the  very  nebulous  body  in  question. 

I  am  aware  that  the  opinions  I  have  formed  differ  widely  from 
those  entertained  by  many  members  of  this  Association,  whose 
eminent  talents  and  great  success  in  the  investigation  of  truth  entitle 
them  to  the  highest  deference ;  but  should  I  fail  of  convincing  them 
of  the  correctness  of  my  views,  I  still  indulge  the  hope  that  I  may 
secure  increased  attention  to  a  natural  phenomenon,  which  appears 
to  me  to  have  important  relations  to  our  solar  system,  as  well  as  to 
several  of  the  most  sublime  and  mysterious  phenomena  of  nature. 

In  the  paper  which  I  published  in  the  American  Journal  of  Science 
in  the  year  1834,  on  the  cause  of  the  great  meteoric  shower  of  No- 
vember 13th,  1833,  I  inferred  the  existence  in  the  planetary  spaces 
of  a  nebulous  body  revolving  around  the  sun,  the  extreme  portions 
of  which  on  the  thirteenth  of  November  lay  over  or  across  the  earth's 
orbit,  in  such  a  manner  that  the  earth  passed  through  it,  or  at  least 
near  enough  to  it  to  attract  portions  of  it  into  its  atmosphere,  where 
they  took  fire,  and  exhibited  the  phenomena  of  shooting  stars.  As 
the  leading  steps  by  which  I  arrived  at  this  conclusion,  after  an 
extensive  induction  of  facts,  were  very  brief  and  simple,  I  may  be 
permitted  to  repeat  them  here.  I  argued  thus  :  If  all  the  meteors 
which  fell  on  this  occasion  (which  were  in  vast  numbers,  and  some 
of  them  proved  to  be  bodies  of  comparatively  large  size),  had  been 
restored  to  their  original  position  in  space,  they  would  of  themselves 
have  composed  a  nebulous  body  of  considerable  extent ;  but  since 
the  same  shower  had  been  several  times  repeated  without  any  appa- 
.  rent  exhaustion  of  the  nebulous  body,  it  was  inferred  that  only  small 
portions  of  that  body  came  down  to  ua,  such  as  constituted  its  ex- 
treme parts  which  approximated  nearest  to  the  earth ;  and  various 
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reasons  induced  the  belief  that  the  nebulous  body  itself  was  one  of 
very  gre^t  extent.  It  was  a  striking  fact  that  the  earth  had,  daring 
several  preceding  years,  fallen  in  with  this  body  at  exactly  the  same 
part  of  its  orbit.  Now  since  it  is  impossible  to  suppose  that  a  body 
thus  situated,  and  consequently  subject  to  the  sun's  attraction,  could 
have  remained  at  rest  in  that  part  of  the  earth's  orbit  while  the  earth 
was  making  its  revolution  around  the  sun,  the  conclusion  was  that 
the  nebulous  body  itself  has  a  revolution  around  the  sun,  and  a 
pei-iod  of  its  own.  Since  the  earth  and  the  body  met  for  several  suc- 
cessive years  at  the  same  point  of  the  ecliptic,  that  period  must 
obviously  be  either  a  year  or  less  than  a  year.  It  could  not  be  more 
than  a  year ;  for,  in  that  case,  the  body  would  not  have  completed 
its  revolution,  so  as  to  meet  the  earth  at  the  same  point  for  successive 
years.  Its  period  might  be  a  year ;  and  it  might  be  less  than  a  year, 
provided  the  time  was  some  aliquot  part  of  a  year,  so  as  to  make  it 
revolve  just  twice  or  three  times,  etc.  while  the  earth  revolves  once. 
The  time  being  given,  we  easily  find  the  major  axis  of  the  orbit  by 
Kepler's  third  law.  On  trying  so  short  a  period  as  one-third  of  a 
year,  it  gives  a  major  axis  too  short  to  reach  from  the  sun'  to  the 
earth ;  and  hence  it  was  inferred  that  the  body  could  not  have  so 
short  a  period  as  four  months,  since  it  would  never  in  that  case  reach 
the  earth's  orbit  even  at  its  aphelion.  A  period  of  six  months  was 
found  to  be  sufficient ;  and  this  was  accordingly  assumed  at  first  to 
be  the  time,  although  the  possibility  that  the  period  might  be  a  year 
was  distinctly  admitted.  But,  extensive  as  I  even  then  believed  the 
nebulous  body  to  be,  I  had  formed  very  inadequate  notions  of  its 
real  extent ;  for  this  may  clearly  be  sufficient  to  reach  from  the  sun 
to  the  earth,  and  thus  to  correspond  in  dimensions  to  the  zodiacal 
liglit ;  and  since  the  centre  of  gravity  of  this  body  may  be  far  within 
the  earth's  orbit,  so  its  orbit  may,  even  at  its  aphelion,  be  distant 
from  the  earthy  and  yet  the  extreme  portions  of  the  body  may  reach 
beyond  the  ecliptic.  It  would,  therefore,  be  entirely  consistent  with 
my  original  views,  to  assign  to  a  nebulous  body  of  such  an  extent  as 
that  of  the  zodiacal  light  a  period  as  short  as  one-third  of  a  year,  or 
even  less. 

I  do  not  assert  positively  that  the  zodiacal  light  is  the  veritable 
body  which  produces  the  meteoric  showers  of  November  and  August 
Before  such  a  hypothesis  can  be  proved  to  be  true  or  false,  with 
certainty,  a  greater  number  of  precise  observations,  continued 
through  a  series  of  years,  would  require  to  be  made^  and  a  careful 
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comparison  institated  between  the  h3rpotbeBi8  and  the  facts.  Should 
the  zodiacal  light  be  found  at  last  incompetent  to  explain  the  perio- 
dical meteors,  the  existence  of  a  nebulous  body,  as  inferred  from  a 
full  survey  of  the  facts  in  the  case  of  the  meteoric  shower  of  No- 
vember 13th,  1833,  independently  of  all  hypothesis,  will  still  be  true. 
But,  with  great  deference,  I  submit  to  the  Association  the  following 
presumptions  in  favor  of  the  opinion  that  the  zodiacal  light  is  the 
nebulous  body  which  produces  the  meteoric  showers  of  November  : 

1.  The  zodiacal  light,  as  we  have  found  in  our  inquiry  into  its 
nature  and  constitution,  is  a  nebulous  body. 

2.  It  has  a  revolution  around  the  sun. 

3.  It  reaches  beyond  and  lies  over  the  earth's  orbit  at  the  time  of 
the  November  meteors,  and  makes  but  a  small  angle  with  the  ecliptic. 

4.  Like  the  "  nebulous  body,"  its  periodic  time  is  commensurable 
with  that  of  the  earth,  so  as  to  perform  a  certain  whole  number  of 
revolutions  while  the  earth  performs  one,  and  thus  to  complete  the 
cycle  in  one  year,  at  the  end  of  which  the  zodiacal  light  and  the 
earth  return  to  the  same  relative  position  in  space.  This  necessarily 
follows  from  the  fact  that  at  the  same  season  of  the  year  it  occupies 
the  same  position  one  year  vnth  another,  and  the  same  now  as  when 
Cassini  made  his  observations  nearly  one  hundred  and  seventy  years 
«go*. 

6.  In  the  meteoric  showers  of  November,  the  meteors  are  actually 
seen  to  come  from  the  extreme  porHons  of  the  zodiacal  lights  or  rather 
a  little  beyond  the  visible  portions ;  and  the  same  was  true  of  the 
radiant  point  of  the  meteors  (when  watched,  as  it  was  by  Mr.  Fitcht, 
from  October  16th  to  November  13th,  1837),  namely,  that  the  ra^ 
diant  always  keeps  the  same  relative  position  with  respect  to  the 
vertex  of  the  zodiacal  light ;  being  with  tbat  vertex  in  Gemini  in 
the  month  of  October,  and  travelling  along  with  it  through  the  con- 
stellation Cancer,  and  into  Leo,  where  it  was  on  the  morning  of  the 
meteoric  shower.  Observations,  so  far  as  tlley  have  been  made, 
indicate  a  similar  relation  between  the  meteors  of  August  and  the 
extreme  portions  of  the  zodiacal  light. 

These  five  propositions  I  offer  as  so  TUBuy  facts  established  by 
observation.   Most  of  them  appear  in  the  original  paper  of  Cassini 


*  For  the  first  suggestioa  of  this  analogy,  I  am  indebted  to  one  of  my  former 
pupils,  Mr.  Hubert  Newton. 

f  Amer.  Jour.  Science^  zxziii,  886. 
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on  the  zodiacal  light  :  othero  may  be  seen  in  the  tabular  coUeotion 
by  Houzeau  of  all  the  known  observations  made  at  different  periods ; 
a  few,  not  noted  by  others,  have  been  added  by  mysel£  For  the 
inferences  here  made  respecting  the  connexion  of  this  body  with 
the  periodical  meteors,  I  alone  am  responsible. 

POSTSCRIPT. 
Early  in  September  1851,  accompanied  by  a  few  students  of  the 
senior  class  in  Yale  College,  I  commenced  observations  on  the  zo- 
diacal light,  and  continued  them  on  favorable  mornings  through  the 
autumnal  months.  Having  before  me  the  original  memoir  of  Oassini, 
I  have  felt  interested  in  comparing  his  account  of  the  same  phe- 
nomenon at  corresponding  dates ;  being  careful  not  to  institute  the 
comparison  until  after  the  record  of  each  of  my  own  observatioiui 
was  completed.  The  general  agreement,  in  regard  to  position  among 
the  stars  and  other  particulars,  strengthens  the  conclusions  I  had 
before  drawn,  that  the  zodiacal  light  is  one  and  the  same  thing  now 
that  it  was  in  the  days  of  Cassini,  one  hundred  and  seventy  years  ago, 
and  that  its  successive  positions  are  the  same  at  corresponding  se€U<ms 
of  the  year, 

September  8.  Observed  tbe  zodiacal  light  from  Sh  to  8h  SOm  a.  k.  Sky  very 
dear.  Light  feeble  and  diffuse.  Lies  between  Pollux  and  Beta  Canis  MinoriOb 
Vertex  near  the  planet  Mars,  south  of  Epsilon  Geminonun.    Elongation  68^. 

[  Casbdvi  :  September  4, 1685.  La  lumi^re  paroissoit  sur  la  poitrine  des  Jumeaiix.] 

September  25.  From  4h  till  daybreak.  Sky  remarkably  clear.  Light  very  bright 
for  the  time  of  year.  Vertex  between  the  planet  Mara  (AR  108°,  Dec  N.  28**) 
and  Pollux.  North  lat  8°.  Elongation  70°.  North  boundary  line  passes  through 
Denebola  and  Epsilon  Leonis.  South  line  6°  south  of  Regulus.  Breadth  across  Leo 
17°.  At. the  horizon  exceeds  20°,  but  ill  defined.  Regulus  and  Presepe  in  the 
denser  part,  but  both  distinctly  visible. 

[  Cassini  :  September  19,  1687.  A  4  heures  du  matin  la  lumi^re  s'^tendoit  sor 
le  Lion  et  sui  I'Ecreviss^  et  se  terminoit  k  T^toile  de  la  poitrine  des  Jumeaux. 
Le  oceur  du  lion  6toit  pres-qu*au  milieu  de  sa  largeur  :  son  c6t6  septentrional 
passoit  par  les  ^toiles  du  col  du  Lion,  et  le  meridional  pr^s  de  la  t^te  de  THydre. 
SepL  24.  A  4  heures  la  lune  se  concha ;  et  apres  qu*elle  fut  entirement  couch6e^ 
la  lumi^re  paroissoit  plus  clair  sur  le  Lion,  quoique  la  voye  de  lait  k  la  m^me 
hauteur  ne  paHIt  presque  point  Sa  longeur  se  terminoit  insensiblement  aux  ge- 
noux  des  Jumeaux,  de  sorte  que  depuis  le  soleil  elle  6toit  de  80  degr^s.] 

October  8.  Sky  perfectly  clear.  Some  of  the  young  men  present  could  trace  the 
light  as  high  as  Chi  Qeminorum,  elongation  80° ;  but  I  was  unable  to  see  it  above 
the  Beehive. 
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Odober*!.  Morning  dear.  Obeeired  from  8h  45m,  accompanied  bj  thirteen  joung 
gtnUemen  of  the  senior  class.  Apex  scarcelj  visible  much  aboye  the  Beehiye  : 
^ngation  76^.  Daring  half  an  hoar  we  eoonted  24  ikootinp  tUtn,  of  whidi  19 
came  from  the  region  aroond  the  apex  of  the  codiaeal  lights  although  the  point 
of  radiation  was  less  definite  than  at  the  annirersaries  of  August  and  Noyember. 

October  8.  Clear.  At  4h  20m  apex  a  little  north  of  the  Beehive,  elongation  71^. 
Southern  boundary  yeers  a  little  to  the  north,  coming  within  5^  of  Regulua, 
Bhooting  9tar$  again  unusually  frequent,  but»  with  one  or  two  exceptions^  yery 
small  :  counted  24  in  half  an  hour,  of  which  20  came  from  the  region  of  Cancer, 
but  from  an  indefinite  space  of  10°  around  the  Beehiye.  The  following  description 
would  apply  yery  nearly  to  the  present  appearances  of  the  zodiacal  light : 

[  Cassini  :  October  8,  1687.  Le  8  Octobre  k  8  heures  du  matin  la  lumiere  parfit 
tort  daire  sur  la  constellation  du  lion,  dont  le  cosur  la  diyisoit  infgalement ;  de 
aorte  qu'un  tiers  6toit  do  c6t6  du  Midi,  et  les  deux  autres  tiers  du  cdt6  du  Sep- 
tentrion.  Les  pieds  du  Lion  6toient  k  son  terme  meridional,  et  la  moyenne  du  col 
4  son  septentrional ;  ainsi  sa  largeur  6toit  de  14  degr68.  £lle  ne  passoit  pas  an- 
dessus  du  ooBur  du  Lion.] 

October  23.  First  morning  without  the  presence  of  the  moon.  Not  yery  clear. 
Observed  from  4h  to  4h  80m.  Light  seems  to  have  veered  still  farther  northward : 
scarcely  visible  south  of  Regains ;  whereas,  on  the  8th,  it  was  6^  south ;  but  this 
in  part  at  least  is  owing  to  its  narrowing  towards  the  vertex,  which  is  approach- 
ing Regulns. 

November  L  From  4h  20m  to  4h  66m.  Light  between  Regulua  and  Gamma 
LeonisL    Elongation  86°. 

November  0.  From  4h  80m  to  5h.  Light  well  exposed,  but  less  bright  than 
sometimes  heretofore.  Elongation  86^.   Apex  29  or  8°  north  of  the  ediptic. 

Shooting  ttart  less  and  less  frequent  since  the  8th  of  October. 

Novemeer  18  A  14.    Sky  overcast 

November  20,  First  morning  could  observe,  on  account  of  the  moon.  Observed 
from  4h  to  4h  30m.  Light  very  indistinct  and  difiuse.  Vertex  not  higher  than 
Eta  Leonis ;  scarcely  perceptible  above  Chi  Leonis.  Saw  it  last  evening  imme- 
diately after  twilight^  extending  towards  the  head  of  Capricorn,  but  very  ftdnt 
and  diffuse. 

December  %  Cold  and  clear.  Light  grazes  Spica  Virginis^  on  its  southern  bor- 
der. Apex  near  Ganmia  Yirginis.  Elongation  68°. 

[Cassdr  :  December  4,  1686.  Le  4  Decembre  k  6  heures  16  minutes  du  matin 
la  lumiere  B*4tendoit  sur  la  partie  inferieure  de  la  Yierge,  et  se  terminoit  insensi- 
blement  pr^s  de  la  ceinture  i  68°  de  distance  du  soleiL  Elle  comprenoit  les  autres 
6toiles  de  la  Yierge  au-dessous  de  la  ceinture  jusqu*aux  pieds^  et  celles  que  Ton 
yoyoit  de  la  Balance.] 

December  16.  At  6h  80m  p.  m.  Hi-defined  :  northern  boundary  passes  through 
Alpha  Capricomi  and  Beta  Aquaril  Yertex  diffuse  and  faint^  among  the  stars  of 
the  pentagon  in  Pisces.  Elongation  eastward  of  the  sun,  86°.  Cassini,  Deo.  18th, 
1686,  gives  the  elongation  86°. 


Digitized  by 


Google 


128  A.  BiATHEMATIOS  ANB   PHT6ICS. 


26.  On  trb  Origin  of  thk  Forms  and  presbnt  State  or  bomb  op 
THB  Clusters  of  Stars,  and  resoltablb  Nbbuljb.  By  Prof. 
Stephen  Alexander,  of  Princeton. 

Etbrt  explanation  of  a  physical  phenomenon  should  be  adequate 
in  two  respects  :  in  mdde,  and  in  measure.  This  may  be  illustrated 
by  an  example  or  two. 

Whiston  attributed  the  deluge  to  the  near  approach  of  a  comet. 
The  explanation  was  appropriate  in  mode,  since  the  attractive  force 
of  such  a  body  would  tend  to  raise  the  waters  of  the  ocean,  t.  e,  cause 
a  tide ;  but  the  explanation  was  inadequate  in  measure,  as  the  maas 
of  the  comet  would  be  insufficient,  and  the  comet  could  be  near  to 
the  earth  for  but  a  very  short  time. 

An  explanation  of  a  celestial  phenomenon  which  should  suppose 
the  rotation  of  the  heavens  to  be  real,  would,  in  many  cases,  be  right 
in  measure ;  since  the  time,  and  some  other  circumstances,  would 
not  be  altered  in  measure,  if  such  a  hypothesis  were  tenable ;  but 
every  explanation  founded  upon  it  would  be  wrong  *in  mode,  since 
the  very  reverse  of  such  a  hypothesis  is  indeed  the  fact. 

The  nebular  hypothesis  was  admitted  long  since  to  be  right  in 
mode  :  the  happy  application  by  Mr.  Walker  of  Prof.  Kirkwood's 
beautiful  analogy,  has  shown  it  to  be  very  probably  right  also  in 
measure. 

The  considerations  which  I  have  presented  in  the  Astronomical 
Journal  of  March  last,  go  to  show  that  the  asteroids  and  comets  of 
short  period  have  a  common  origin ;  or  that  masses  of  matter  which 
are  now  confessedly,  some  nebulous  and  some  planetary,  have  been 
once  associated. 

The  communication  which  I  last  year  made  to  the  Association  at 
New-Haven,  tended  to  show  that  the  sun  was  anciently  a  body  sur- 
rounded by  two  rings  similar  tp  those  of  Saturn ;  and  that  from  the 
inner  ring  were  formed  the  planets  from  Mercury  to  Saturn  inclu- 
sive, while  from  the  outer  ring,  were  formed  Uranus  and  Neptune, 
if  no  more.  If  the  liquid  state  of  the  rings,  which  Mr.  Bond  and 
Prof  Peirce  have  shown  to  prevail  in  the  case  of  Saturn,  were  also 
admissible  in  the  case  of  the  sun,  then  the  rending  of  those  rings 
might  give  rise  to  the  planets  now  known  to  exist,  and  their  relative 
size  would  be  in  some  measure  accounted  for. 
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This  allusion  to  the  nebular  hypothesis  and  its  applications  is  not 
unimportant,  since  it  has  in  some  meastire  furnished  the  basis  for  a 
much  more  extensive  generalization. 

At  least  two  forms  of  equilibrium  of  a  given  rotadng  mass  are 
usually  admissible ;  both  spheroids,  but  the  one  of  a  vastly  greater 
ellipticity  than  the  other.  In  the  case  of  the  earth  supposed  homoge- 
neous, one  of  these  forms  would  approach  very  nearly  to  that  which 
at  present  exists ;  the  other  would  exhibit  a  ratio  of  the  axes  of 
680}  to  1. 

The  material  of  which  some  of  the  clusters  and  resolvable  nebulae 
were  formed,  may  have  been, 

1.  A  fluid  spheroid  of  great  ellipticity ;  the  gradual  cooling  of 
which  might  increase  its  velocity,  and  produce  a  rupture  and  dis- 
persion which  would  respectively  give  rise  to  the  present  forms  of 
the  spiral  nebulae  observed  by  Lord  Rosse.  The  milky  way  may 
have  this  form. 

2.  A  ring  may  have  been  the  primary  form,  or  a  spheroid  may 
have  been  transformed  into  a  ring,  the  subsequent  rupture  of  which 
might  give  rise  to  other  recognized  forms. 

3.  The  simultaneous  rupture  of  a  ring  might  give  rise  to  the  an- 
nular nebula  in  Lyra  and  others. 

4.  The  simultaneous  rupture  of  a  spheroid  might  give  rise  to  the 
"  Dumb-bell  "  nebula  and  others. 

5.  Globular  nebulae  also  show  traces  of  similar  action. 

These  changes  are  still,  as  it  would  seem,  progressing ;  though 
their  progress  can  scarcely  be  sensible  for  a  century  or  more,  because 
of  the  vast  scale  on  which  the  changes  must  take  place. 

Prof.  MiTCHEL  desired  to  express  the  intense  interest  with  which 
he  had  listened  to  the  paper  of  Prof.  Alexander ;  and  also  his  sur- 
prise, since  when  he  himself  was  about  to  commence  a  similar  in- 
vestigation some  years  ago,  he  found  upon  his  table  a  note  begging 
him  to  desist  from  such  an  "  atheUtical  *'  attempt !  That  day,  how* 
ever,  he  trusted,  had  gone  l^.  He  added,  that  his  own  observations 
confirmed  the  views  of  Prof  Alexander. 
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27.  Statrment  of  thb  Results  of  a  set  of  Obsebtations  in 

REPETITION   OF    THE   FoUCAULT   EXFEEIMENT.        By   ProfeSSOn 

Caswell  and  Norton. 

The  substaDce  of  these  observations  was  communicated  by  Pro£ 
Norton. 

The  pendulum  was  suspended  in  a  tower  at  the  Railroad  Depot 
building  at  Providence,  and  was  97  feet  in  length ;  the  weight  was 
a  little  less  than  40  lbs.  It  was  a  ball  of  lead,  nearly  spherical ; 
through  the  centre  of  which  passed  a  perfectly  straight  steel  rod, 
about  ^  of  an  inch  in  diameter.  This  rod  was  tapered  to  a  point 
below  the  ball.  At  the  other  extremity  it  was  provided  with  a  cap, 
to  screw  on  and  off,  for  the  more  convenient  attachment  of  the  wire, 
which  passed  through  a  small  hole  in  the  centre  of  the  cap.  The 
leaden  ball  was  cast  around  the  rod,  and  then  turned  in  a  lathe. 

By  careful  trial,  it  was  found  that  the  centre  of  gravity  was  truly 
situated  on  the  axis.  The  wire  by  which  the  weight  was  suspended 
was  of  brass,  half  annealed,  and  was  0,035  of  an  inch  in  diameter. 
It  was  attached  at  the  top  to  a  screw  bolt,  passing  through  a  small 
hole  in  the  head  of  it. 

All  the  openings  in  the  tower  were  carefully  closed  up,  to  secure 
as  tranquil  a  state  of  the  air  within  it  as  possible.  Beneath  the  weight 
was  placed  a  circular  table,  a  little  over  five  feet  in  diameter,  the 
circumference  of  which  was  divided  into  degrees.  The  point  of  the 
rod,  when  the  weight  was  at  rest,  was  directly  over  the  centre  of  the 
table,  and  within  a  small  fraction  of  an  inch  of  it.  The  table  was 
provided  vrith  an  index,  movable  around  its  centre,  and  extending 
entirely  across  it  and  somewhat  beyond  the  outer  circular  rim.  At 
each  end  of  this  index  was  an  upright  sight-vane,  having  a  slit  tra- 
versed by  a  fine  thread,  and  also  a  vernier  for  reading  the  angles. 
A  black  thread  was  stretched  across  from  the  zero  of  one  vernier  to 
that  of  the  other,  and  passing  through  the  centre  of  the  table. 

In  starting  the  pendulum,  the  weight  was  first  divested  of  any 
tendency  to  rotatory  movement,  and  then  carefully  and  slowly  drawn 
to  one  side,  and  attached  to  one  of  the  uprights  by  a  loop  with  a 
single  cotton  thread  leading  from  it.  The  point  of  the  rod  below  the 
weight  was  then  adjusted  to  the  zero  of  the  contiguous  vernier ;  and 
after  it  had  become  perfectly  still  in  this  position,  the  thread  was 
burnt.   The  arc  of  oscillation  ti-aversed  by  the  weight  was  about 
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6^  feet,  and  the  time  of  oscillation  5  seconds.  The  moyement  of  the 
plane  of  oscillatidn  was  followed  and  measilred  by  moying  the  index. 
The  observations  were  generally  made  every  ten  minutes,  and  the 
angles  read  by  both  observers,  each  observer  having  charge  of  a 
vernier,  and  usually  were  continued  for  an  hour  :  in  one  instance, 
they  were  continued  for  three  hours.  Whenever  the  elliptic  move- 
ment of  the  weight,  which  was  found  almost  always  to  arise  after  a 
time  to  a  greater  or  less  extent,  became  very  marked,  the  period  of 
observation  was  shortened  to  half  an  hour,  or  even  less.  The  ob- 
servations were  made  at  all  parts  of  the  circle ;  that  is,  the  pendulum 
was  started  from  various  points,  so  that  the  plane  of  oscillation  might, 
at  the  outset,  have  every  variety  of  position. 

It  will  be  perceived  that  the  observations  were  conducted  in  a 
manner  calculated  to  eliminate  errors  of  graduation  and  eccentricity. 
It  ought  to  be  stated,  however,  that  the  number  of  observations  hi- 
therto made  is  not  sufficient  to  warrant  the  conclusion  that  the  mean 
of  the  results  of  the  individual  observations  is  very  exact,  especially 
as  the  graduation  of  the  circle  was  made  by  hand.  The  number  of 
observations  of  the  movement  of  the  plane  of  oscillation,  during  an 
interval  of  an  hour  or  half-hour,  is  23.  In  the  case  of  four  of  the 
observations,  the  elliptic  movement  was  so  large  that  the  results 
cannot  be  relied  upon ;  and  in  the  case  of  three  others,  the  results, 
differ  so  widely  from  the  mean  of  the  others,  that  they  must  be  re- 
garded as  anomalous,  and  it  is  accordingly  believed  that  they  ought 
to  be  rejected.  The  mean  is  therefore  derived  from  only  16  observa- 
tions :  it  can  only  be  regarded  as  an  approximation  to  the  result 
sought.  It  is  proposed  to  continue  the  observations,  if  practicable,  in 
the  hope  of  obtaining  a  closer  approximation. 

According  to  the  sixteen  observations  taken  into  account,  the  mean 
motion  per  hour  is  9^  57,3'.  The  theoretical  motion,  in  the  latitude 
of  Providence,  ifi  10°  0,1' ;  that  is,  2,8'  greater  than  the  result  of 
the  observations.  As  to  the  amount  of  the  elliptic  movement  ol>- 
served,  there  was  only  one  instance  in  which  none  was  perceptible 
during  an  entire  hour  :  in  the  other  instances,  the  conjugate  axis 
was  between  zero  and  half  an  inch  in  length.  In  the  case  of  the  ob- 
servations rejected,  it  amounted  to  an  inch  and  a  half  or  more.  The 
slowest  motion  observed  was  8°  39',  and  the  most  rapid  10°  54'. 

It  does  not  appear  that  the  irregularities  observed  are  attributable 
to  the  elliptic  movement.  Some  of  the  largest  deviations  from  the 
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general  mean  occurred  when  this  moTement  was  very  slight  As  to 
the  direction  of  the  elliptic  revolution,  it  was,  in  the  majority  of  in- 
stances, indirect,  or  contrary  to  that  of  die  motion  of  the  hands  of  a 
watch.  In  only  four  instances  out  of  twenty-three,  was  a  motion  in 
the  contrary  direction  observed. 


28.  On  the  Pendulum  Experiment.    By  Proi  J.  D.  Dana. 
[Not  received,] 


29.  The  Pendulum  at  Bunker-Hill  Moi^ment.     By  Professor 

E.  N.  HORSFORD. 

The  interest  felt  by  the  public  generally  in  the  great  experiment  of 
Foucault,  and  the  attention  which  has  been  directed  to  the  repetition 
of  this  experiment  at  the  Bunker-Hill  Monument,  will  justify  a  brief 
account  of  the  apparatus  there  employed,  and  the  results  there 
arrived  at. 

The  ball  used  for  the  pendulum  is  a  thirty-two  pound  iron  cannon 
ball.  It  was  thrown  out  in  some  excavations  on  Charlestown  Neck, 
some  years  since,  and  is  supposed,  from  the  number  of  others  of  the 
same  size  found  in  the  same  locality,  to  have  been  discharged  from 
the  British  ship  of  war  Lively,  at  the  American  army,  near  the  close 
of  the  battle  on  the  17th  of  June  1775.  The  weight  of  the  ball  is 
now  about  thirty-one  pounds.  The  ball  is  supported  in  a  brass  meri- 
dian, to  which  is  attached  an  equatorial  ring,  with  adjusting  screws 
for  bringing  the  centre  of  gravity  directly  in  a  line  with  the  index 
below  and  the  point  of  suspension  above. 

The  ball  is  suspended  by  a  wire  210  feet  long  (knovm  as  No.  20 
steel  wire),  which  is  annealed,  and  secured  to  the  brass  meridian  of 
the  ball  by  a  small  screw  clamp  :  the  other  end  of  the  wire  is  secured 
in  a  similar  clamp,  which  is  attached  to  a  staple  in  the  roof  of  the 
chamber  at  the  head  of  the  Monument  stairs.  In  making  the  arrange- 
ments, it  became  necessary  to  remove  the  grating  in  the  floor  of  the 
chamber  above,  and  also  the  marble  monument  erected  by  King 
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Solomon's  Lodge  within  the  well  at  the  bottom.  To  preyent  currents 
of  air  from  afiecting  the  motion  of -the  pendulum,  the  grating  above 
has  been  replaced  by  a  plank  floor ;  and  the  wire  passing  through 
the  chamber  is  encased  in  a  square  wooden  trunk,  with  panes  of  glass 
on  opposite  sides,  for  observing  the  very  small  arc  described  by  the 
pendulum  wire  at  this  height  To  avoid  obstructing  currents  of  air 
in  the  shaft,  it  has  also  been  found  necessary  to  dose  the  ventilating 
port-holes  opening  into  the  inner  shaft,  and  replace  the  iron  lattice 
gate  at  the  bottom  with  plate  glass  doors.  A  smooth  wooden  floor 
has  been  laid  at  the  bottom  of  the  shaft ;  from  the  centre  of  which, 
directly  beneath  the  point  of  suspension,  three  circles  have  been 
described  and  painted  white.  These  circles  are  graduated  into  360 
degrees,  which  are  figured  for  the  convenience  of  observation,  count- 
ing from  the  right.  For  more  careful  observation,  a  flat  wooden  ring 
is  erected  about  four  feet  above  the  floor,  with  a  brass  sight  on  the 
further  side,  and  a  corresponding  sight  at  the  extremity  of  an  arm 
on  the  nearer  side,  which  is  so  arranged  as  to  revolve  around  the 
axis  of  the  plane  of  oscillation.  This  ring  rests  upon  marbles,  and 
may  be  adjured  by  movable  friction  wheels  placed  outside  the  ring, 
upon  the  inner  wal]  of  the  monument.  With  the  aid  of  these  compass 
sights,  the  rotation  of  the  plane  of  oscillation  becomes  apparent  in 
less  time  than  if  the  point  at  the  bottom  of  the  ball  be  observed ;  for 
the  reason  that  the  view  is  confined  to  a  definite  line,  and  also  that 
the  distance  of  the  nearer  sight  from  the  centre  is  five  feet,  while 
the  radius  of  the  graduated  circle  on  the  floor  is  rather  less  than  three 
and  a  half  foet.  The  sight,  through  which  the  observation  is  made,  is 
moved  by  a  small  geared  wheel  upon  a  graduated  arc  of  brass  placed 
in  the  doorway ;  and  such  is  the  nicety  of  the  adjustment,  that  the 
progress  of  the  plane  of  oscillation  can  be  noticed  in  a  single  vibra* 
tion  of  the  pendulum. 

The  mode  of  starting  the  pendulum  is  that  adopted  by  Foucault. 
The  ball  being  drawn  to  the  margin  of  the  circle,  and  secured  by  a 
thread,  is  permitted  to  come  entirely  to  rest :  when  this  is  attained, 
which  requires  but  a  minute  or  two,  the  thread  is  burned  and  the 
pendulum  launched. 

An  unanticipated  difficulty,  in  the  movement  of  the  monument 
itself,  and  to  which  more  particular  reference  has  been  made  in  an- 
other communication,  for  some  time  interfered  with  the  progress  of 
experiment.  The  impossibility  of  using  the  graduation  on  the  floor, 
led  to  the  adoption  of  a  movable  section  of  a  sector  of  brass,  of  three 


Digitized  by 


Google 


134  A.  ICATHEBCATIOS  AHD  PHYSICS. 

feet  radius,  having  the  degree  divisioDS  prolonged  six  inches  towards 
the  centre,  to  prevent  the  lessening  c^  the  length  of  sweep  from 
interfering  with  ohservation.  The  position  of  ihis  plate  with  regard 
to  the  centre  could  be  determined  at  any  moment,  by  bringing  the 
pendulum  to  rest,  and  measuring  from  the  so  ascertained  centre. 

Another  difficulty  met  me  at  this  point.  The  armature  in  which 
the  ball  was  slung,  notwithstanding  the  extreme  slowness  of  the 
movement  (an  oscillation  requiring  less  than  8^g  seconds)  interfered 
seriously  with  the  experiment. 

Sometimes  the  plane  of  oscillation  would  sweep  through  a  degree 
in  four  minutes,  and  sometimes  it  required  eleven.  A  series  of  ex- 
periments eliminated  the  source  of  this  difficulty,  and  pointed  out  the 
mode  of  so  managing  the  apparatus  aa  to  secure  trustworthy  results. 
The  vertical  brass  ring  gave  to  the  ball  a  slightly  lenticular  form  ; 
which,  it  is  obvious,  can  oscillate  uniformly  in  but  two  directions, 
I  to  wit,  in  the  direction  of  the  axis  of  the  lens,  and  at  right  angles 

I  to  it.   In  either  of  these,  I  obtained  correct  results.  As  admitting 

the  least  tendency  to  error,  I  uniformly  adopted  the  latter  direction, 
i  that  is,  in  which  the  plane  of  the  ring  coincided  with  the  plane  of 

I  oscillation.  My  observations  were  limited  to  a  single  degree,  and  that 

I  the  first  :  this  was  necessary  from  the  diminution  in  the  length  of 

the  sweep,  unless  I  had  constructed  a  movable  floor.   It  had  this 
advantage,  that  the  elliptical  motion  which,  afler  a  longer  or  shorter 
I  period,  invariably  sets  in,  was  uniformly  not  appreciable.  I  have 

I  occasionally  watched  the  motion  of  the  pendulum  when  it  started 

I  under  the  fairest  circumstances,  considering  the  imperfection  of  my 

ball,  through  a  period  of  twelve  minutes,  without  detecting  elliptical 
motion,  though  frequently  it  came  on  in  less  time.  Prof  Norton,  of 
Brown  University,  has  informed  me  that  in  experiments  conducted 
by  Prof.  Caswell  and  himself  the  elliptical  motion  was  frequently 
not  observable  for  half  an  hour.  The  elliptical  motion  was,  with  very 
rare  exceptions,  in  the  direction  opposite  to  the  hands  of  a  watch. 
The  greatest  conjugate  diameter  of  the  ellipse  described  has  rarely 
exceeded  half  an  inch.  This  maximum,  which  frequently  was  gained 
in  less  than  twenty  minutes,  continued  for  four  hours,  the  ball  itself 
not  coming  to  rest  in  less  than  five  or  six  hours.  The  length  of  the 
arc  of  oscillation  was  six  feet,  the  whole  diameter  of  the  well  being 
but  seven  feet  The  time  required  for  a  single  oscillation  was  8^ 
seconds  as  already  mentioned,  losing  one  second  in  224  oscillations. 
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In  obeervatioD,  I  at  first  bad  die  aid  of  an  assistant,  who  counted 
the  oscillations,  while  I  observed  the  time  required  for  the  rotation 
of  the  plane  of  osciHation  through  a  single  degree.  It  was  possible 
to  observe  only  at  one  extreme  of  the  oscillation.  The  determination 
of  the  time  by  oscillations,  or  by  seconds,  if  either  one  oscillation 
too  many  or  too  few,  gave  a  range  of  error  of  32^  seconds.  It  so 
happened  that  the  length  of  the  pendulum  at  the  Monument,  and  the 
theoretical  time  at  that  locality,  were  marvellously  suited  to  each 
other.  The  time  required  (I  take  the  calculation  by  Prof.  Caswell  for 
the  State  House,  Boston)  was  5°"  56,03'.  Forty-four  oscillations,  at 
8^  seconds  for  an  oscillation,  give  5""  5b fi*. 

In  my  observations,  a  second  or  two  might  be  lost  at  the  outset  in 
carrying  the  eye  from  the  burning  thread  to  the  watch  face ;  and  at 
the  conclusion,  in  glancing  from  the  index  coincident  with  the  degree 
division,  to  the  second  hand.  But  when  not  varying  more  than  three 
or  four  seconds,  it  would  be  just  to  correct  the  time  by  the  oscilla- 
tions, since  the  time  required  for  an  oscillation  had  been  ascertained 
with  the  greatest  precision. 

I  will  here  give  a  few  of  the  observations,  with  their  average ; 
and  with  it  the  time  indicated  by  the  oscillations,  and  that  by  theory*. 


*  I  Bhonld  not  omit  to  state,  that  the  conyenienceB  for  these  observations  have 
been  famished  by  the  Massachusetts  Charitable  Mechanics*  Association,  who 
provided  the  necessary  funds  for  the  pendulum  apparatuai  The  committee  ap- 
pointed by  them,  consisting  of  Messrs.  Wightman  and  Sdcpson  of  Boston,  and  fifr. 
Bond  and  myself  of  Cambridge,  were  facilitated  in  all  their  labors  by  the  officers 
of  the  Banker's  Hill  Monument  Association. 
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These  results  do  not  coniinn  the  suggestion  that  there  is  greater 
or  less  than  the  uniform  theoretical  velocity  of  rotation  of  the  plane 
of  oscillation  in  different  parts  of  its  orhit. 

Soon  after  the  newspaper  accounts  of  the  experiment  at  the  Pan- 
theon reached  this  country,  I  tried  an  experiment  suggested  by  a 
writer  in  the  London  Illustrated  News ;  that  of  suspending  a  hori- 
zontal bar.  It  was  the  view  of  the  writer  that  the  bar  would  rotate, 
aa  the  plane  of  oscillation  rotates. 
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T  suspended  a  copper  bar,  six  inches  long,  in  a  glass  receiver,  by 
a  slender  iron  wire  terminating  in  a  point,  on  the  polished,  face  of  a 
straight  magnet.  By  additions  to  the  weight  of  the  bar,  I  reduced 
the  friction  on  the  magnet  to  the  least  measure.  The  receiver  stood 
upon  a  window  sill  in  a  brick  building ;  and  the  bar  having  come  to 
rest,  it  continued  at  rest  through  forty-eight  hours. 

At  a  later  period,  I  suspended  in  the  Monument,  from  a  height  of 
190  feet,  a  glass  tube  two  feet  long,  laden  with  lead  at  each  end.  The 
first  60  feet  of  suspension  was  of  silk  braid,  to  reduce  the  torsion  to  a 
minimum  :  then  came  iron  wire  to  within  a  few  feet  of  the  bar,  and 
then  a  brass  wire.  So  sensitive  was  the  bar,  that  I  found  it  impossible, 
so  long  as  I  remained  near  it,  to  bring  it  to  rest,  the  unavoidable 
currents  of  air  from  my  breath  being  sufficient  to  prevent  its  be- 
coming still.  I,  however,  reduced  its  oscillations  to  a  range  of  four 
or  five  inches  at  the  extreme  of  the  bar,  and  then  left  it  over  night  : 
in  the  morning,  it  was  entirely  at  rest.  This  was  repeated  under  such 
favorable  circumstances,  and  with  such  coincident  results,  as  to  in- 
duce me  to  believe  that  those  experimenters  who  have  noticed  a  bar, 
or  disk,  or  wheel,  to  revolve  in  a  time  corresponding  with  the  plane 
of  oscillation,  have  been  misled  by  some  concealed  source  of  error. 

I  repeated  the  experiment  of  permitting  water  to  flow  from  a 
funnel,  in  tl;e  expectation  that  the  resultant  of  the  motion  toward  the 
centre  in  flowing  out,  united  with  the  possible  rotation  of  the  body 
of  water,  would  give  rise  to  the  spiral  movement  with  the  sun,  which 
is  very  generally  believed. 

I  took  for  this  purpose  a  tub  turned  in  a  lathe,  and  carefiilly  bored 
a  half-inch  hole  in  the  centre  of  the  bottom.  Into  this  hole  I  passed 
a  good  cork  from  below.  Having  filled  the  tub  (which  contained 
about  fifteen  gallons),  the  water  was  permitted  to  come  to  rest,  as 
indicated  by  particles  of  sawdust  in  the  water  and  on  its  surface. 
When  quiet  was  established,  which  required  nearly  an  hour,  the 
cork  was  withdrawn.  The  water  flowed  out  with  the  following  results 
in  seven  trials  :  In  two,  there  was  no  whirl ;  in  three,  the  whirl,  just 
perceptible  in  the  last  quart  of  water,  was  with  the  sun ;  in  the  re- 
maining two,  the  whirl  was  in  the  opposite  direction. 

These  results  seem  to  indicate,  that  in  but  two  of  the  seven  trials, 
had  the  water  obtained  actual  rest ;  while  it  had,  in  three  of  the  other 
instances,  a  slight  motion  in  one  direction,  and  in  two  a  motion  in 
the  opposite. 
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30.  Nqtbs  on  thb  TiUbs  at  Sand  Key,  near  Key  West,  Florida. 
By  Prof.  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 

Hourly  observations  of  the  tides  at  Key  West,  Florida,  were 
commenced  under  instructions  from,  and  the  immediate  direction  of 
Lieut.  .ToHN  Rqdgers,  U.  S.  N.,  Assistant  in  the  Coast  Survey,  in 
January  last.  The  results  are  of  great  importance  in  regard  to  the 
general  subject  of  the  tides  in  the  Gulf  of  Mexico.  The  observations 
up  to  June  have  been  plotted  in  diagrams,  and  are  in  the  course  of 
reduction.  To  show  their  peculiar  features,  I  have  presented  in  a 
diagram  cases  of  tides  observed  at  or  near  the  maximum  of  the 
moon's  declination  at  syzigy  and  quadrature,  and  near  the  zero  of 
declination  and  syzigies.  It  will  be  seen  that  there  are  two  high  and 
two  low  waters  daily  at  Key  West,  the  successive  tides  being  nearly 
equal,  at  or  near  the  time  of  the  moon's  passing  the  equator ;  and 
there  being  one  small  tide  and  one  larger  at  other  periods,  making 
the  diurnal  inequality  a  very  remarkable  feature  of  the  tide. 

I  find  by  examining  these  in  the  way  done  for  the  tides  at  Cat 
Island,  Louisiana,  that  the  results  may  be  represented  by  the  inter- 
ference of  a  semidiurnal  and  diurnal  tide  wave ;  the  latter  being 
approximately  nine  or  twenty-one  hours  in  advance  of  the  former  in 
the  position  of  its  maximum  ordinate,  as  has  already  been  shown  for 
the  tides  at  the  other  locality. 

I  propose,  at  a  future  meeting,  to  present  the  discussion  of  these 
tides  to  the  Association  ;  and  at  present  refer  to  the  tables  and  dia- 
grams showing  the  decomposition  of  the  curve  of  observation,  and 
the  agreement  of  the  curve  computed  from  the  elements  with  the 
curve  of  observations.  The  average  difference  in  the  computed  and 
observed  ordinates  is  less  than  four-hundredths  of  a  foot. 

A  consideration  of  the  mode  in  which  the  maximum  or  minimmn 
ordinates  of  the  tidal  curve  are  derived,  will  show  that  the  difference 
of  the  two  high  and  low  waters  b  made  up  of  four  unequal  quanti- 
ties ;  two  of  which  give  the  difference  between  two  (generally)  un- 
equal ordinates  in  different  portions  of  the  diurnal  curve,  and  the 
other  two  the  difference  of  two  ordinates  not  symmetrically  situated 
in  the  semidiurnal  curve.  If  this  be  so,  this  difference  should  not 
follow  the  law  of  the  diurnal  wave. 
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I.      MAXIMUM   DECLINATION  OF   MOON. 

Sand  Kkt,  January  29,  1851. 
Moon*ft  declination  a  20°  46';  '        Moon's  transit,  iS**  03". 
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Moon's  decUnation  N.  21°  08' ; 
N.  20  48; 
a  21    17. 


Sakd  Ext,  April  8»  9,  A  2L 

Moon's  transiti  5^  54*" ; 
6    52; 
17    87. 
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II.      ZEBO  or  DECLINATION  OF   MOON. 

SAin>  Est,  January  23  h  28,  1861. 
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Moon's  deolinatioii  S.  0^  68' ; 
K.  2  27 ; 
N.  2    06; 


SAM)  Ebt,  April  1,  U  A  t». 

Moon's  transit,  0*  12"  ; 

11    29; 
,  ..  28    85+. 
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31.    An  Account  of  Lonostreth's  Lunar  Formula.    By  Prof. 
B.  Peirce,  of  Harvard. ' 

Prof.  Peircb  stated  that  the  title  of  his  paper  was  probably  sufficient 
to  tell  what  he  meant  to  say  ;  but  he  wished  it  distinctly  understood 
that  he  only  intended  to  give  an  account  of  a  discovery  by  a  man 
who  was  as  remarkable  for  his  extreme  modesty,  as  for  the  eminence 
of  the  position  which  he  occupied  among  the  scientific  benefactors 
of  the  age.  This  was  intended  for  an  account  of  Mr.  Longstreth's 
discovery,  and  was  not  his  own.  The  very  modest  manner  in  which 
Mr.  Longstreth  had  announced  his  discovery,  was  worthy  of  remark. 
He  would  read,  from  the  preface  to  the  published  tables,  all  that 
Mr.  Longstreth  had  himself  said  in  relation  to  this  great  discovery. 
It  was  as  follows  :  "  The  coefficients  deduced  from  theory  by  Da- 
moiseau.  Plana,  Pontecoulant,  and  those  deduced  from  observation 
by  Burckhardt  (though  differing  considerably),  give  the  moon's  place 
with  nearly  the  same  accuracy.  Where  a  difference  exists,  I  have 
carefully  compared  them  with  observation,  and  deduced  the  most 
probable  value."  Longstreth  had  obtained  results  which  involved  the 
true  theory  of  the  variations  of  the  moon's  longitude.  The  results  of 
observations,  now  that  we  had  them  in  a  tabular  formula,  would  be 
sure  to  be  confirmed  by  subsequent  theory. 

The  professor  exhibited  the  tables  themselves,  showing  where 
Damoiseau  and  Plana  agree,  and  where  they  differ ;  and  stated  that 
Prof.  Airy,  of  England,  had  compared  the  results  obtained  by  Plana's 
theory  with  observation.  Longstreth's  terms  are  often  a  return  to 
the  theories  of  Damoiseau  and  Laplace.  The  difference  is  generally 
greater  between  Plana  and  Laplace,  than  between  Laplace  and 
Longstreth.  We  are  therefore  travelling  backward  to  the  theory 
propounded  by  Laplace,  while  the  supposed  advances  made  by  later 
physical  astronomers  are  assuming  their  true  position. 

Mr.  Longstreth's  terms  will  be  used  in  the  American  Nautical 
Almanac.  This  alone  renders  that  work  of  the  utmost  importance  to 
navigators  of  every  nation,  as  well  as  of  this  country. 

In  conclusion.  Prof  Peirce  read  the  following  letter,  written  by 
Mr.  Longstreth  in  answer  to  a  request  of  Lieut.  Davis,  superinten- 
dent of  the  Nautical  Almanac,  for  a  copy  of  his  observations  on  the 
lunar  motions  : 
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PmLADKumA,  7th  mo.  26,  18«(L 
GHABLE3  HSNRT  DAYIB»  Cfambridge,  Matt, 

Thy  letter  of  the  20th  olt  was  duly  received,  and  I  hare  been  prevented  firom 
answering  it  I  herewith  inclose  the  coefficients  nsed  by  me  in  the  paper  referred 
ta  I  selected  the  years  1820,  *21  and  *28  for  comparison,  as  the  errors  of  Plaaa's 
coefficients  are  the  largest ;  and  to  avoid  the  charge  of  unfairness,  I  have  retained 
all  the  observations  made  during  those  years;  and  where  there  is  reason  to 
question  the  correctness  of  any  of  them,  I  have  mentioned  it  In  most  of  the  cases 
where  the  errors  are  large,  thee  will  find  by  reference  to  the  Greenwich  obserra- 
tions  that  no  moon-culminating  stars  were  observed.  The  years  1824  and  '26  are 
a  fair  average  of  errors;  and  I  would  call  thy  attention  to  the  smallnesa  of  the 
errors  after  the  transit  instrument  was  remounted  (May  28,  1826).  "Hie  amalkr 
corrections  of  Airy  I  have  not  made,  as  the  observations  are  not  sufficiently  ao- 
curate  to  justify  it  I  should  be  glad  to  hear  from  thee  at  thy  leisure. 

With  much  respect,  thy  friend, 

M.  FISHER  LONGOTRETtt 


V.  HETEOBOLOQY  AKD   METEORITES. 

32.  On  the  Influence  op  Terrestrial  Electricity  on  Climati. 
By  Daniel  Vaughan,  of  Cincinnati. 

An  abetract  of  this  paper  wa«  presented  by  Prof.  Henry,  wbo  stated 
that  Mr.  Vauohan  had  attempted  to  prove  that  there  was  a  ctuTent 
of  thermo-electrity  which  circulated  around  the  earth  in  the  same 
direction  as  the  sun  ;  and  that  when  there  was  a  change  in  latitude 
of  isothermal  lines,  there  was  an  interruption  or  break  in  the  thermo- 
electric current  The  origin  of  this  supposed  current  was  referred 
to  the  unequal  heating  of  the  earth's  surface  by  the  rays  of  the  sun. 
which,  passing  in  the  course  of  twenty-four  hours  entirely  around 
the  earth,  produces  a  continuous  current  in  the  same  direction. 
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33.  On  the  Distribution  of  Rain  for  the  Month  of  September. 
By  Prof.  Elias  Loomis,  of  New- York. 
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18,408  inches; 

20,835 
19,244 
19,354 
23,075 
22,448 

Here  the  numbers  approach  much  nearer  to  equality,  the  greatest 
sum  exceeding  the  least  by  about  one  quarter  of  its  whole  amount. 
If  we  take  the  sums  for  the  two  halves  of  the  month,  we  shall  find 
that  the  amount  for  the  last  half  is  about  one  fifth  greater  than  for 
the  first  half  This  last  result  being  deduced  from  a  comparison  of 
1920  days,  must  be  regarded  as  indicating  a  law  of  the  climate  of 
London. 

In  order  to  determine  whether  this  result  has  any  particular  con- 
nection with  the  equinox,  let  us  compare  the  average  fall  of  rain  at 
London  for  successive  months. 

According  to  the  observations  of  Mr.  Howard,  the  average  fall  of 
rain  in  September  is  1,921  inches ;  in  October,  2,522  inches ;  in 
November,  2,998  inches ;  that  is,  the  fall  of  rain  in  October  is  one 
third  greater  than  in  September.  This  result  is  in  perfect  harmony 
with  that  before  discovered,  viz.  that  the  fall  of  rain  for  the  last  half 
of  September  is  one  fifth  greater  than  for  the  first  half  We  perceive 
then  a  fluctuation  in  the  amount  of  rain,  depending  upon  the  season 
of  the  year ;  but  no  decisive  indication  that  the  rain  for  any  day  of 
September  will  be  found  uniformly  greater  than  on  both  the  pre- 
ceding and  following  days. 

We  shall  arrive  at  the  same  result,  if  we  make  the  comparison  by 
the  numher  of  rainy  days,  instead  of  the  quantity  of  rain.  The  greatest 
number  of  rainy  days  for  the  entire  period,  occurring  on  the  same 
day  of  the  month,  was  28,  being  on  the  27th ;  the  least  number  was 
15,  on  the  3d.  If  we  classify  the  numbers  in  groups  of  five  days,  we 
obtain  the  following  result : 

110, 

94, 

VJ, 
117. 
112. 

Here  the  greatest  sum,  as  before,  exceeds  the  least  by  one  quarter 
of  its  whole  amount.  The  total  number  of  rainy  days  corresponding 
to  the  first  half  of  the  month  was  300  ;  for  the  last  half,  326  ;  being 
an  excess  of  about  one  twelfth  of  the  whole  number.  We  see  then 


Digitized  by 


Google 


METEOROLOGY   AND   METEORITES.  147 

ihe  influence  of  the  annual  fluctuation  in  the  increased  number  of 
rainy  days  for  the  last  half  of  the  month  ;  but  no  decisive  indication 
that  any  day  of  September  could  be  selected  as  more  exposed  to 
rain  than  both  the  preceding  and  following  days. 
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Tbe  first  five  days  of  the  month  fiirnish  the  greatest  amoant  of 
rain,  and  tbe  next  five  days  the  least  amount.  So  far  then  as  these 
observations  indicate  any  influence  of  the  day  of  the  month  up(» 
the  amount  of  rain,  they  would  lead  to  the  conclusion  that  an  unusual 
fall  of  rain  is  to  be  expected  about  the  3d  of  September ;  and  that 
from  the  6th  to  the  10th  of  the  month,  it  will  be  unusually  dry.  In 
point  of  fact,  I  consider  such  a  conclusion  premature.  Certainly  the 
observations  afford  no  countenance  to  the  impression  that  an  unusual 
fall  of  rain  is  to  be  expected  about  the  time  of  the  equinox.  It  is 
worthy  of  note,  that  for  23  successive  years,  no  rain  is  recorded  as 
having  fallen  on  the  6th  of  the  month ;  so  that  one  year  ago,  it  would 
have  been  a  legitimate  inference  from  these  observations,  thaX  on  the 
6th  of  September  it  never  rains  at  Albany.  This  circumstance  plain- 
ly indicates  the  necessity  of  extending  our  observations  over  a  long 
period  of  time,  if  we  would  entirely  eliminate  the  influence  of  ac- 
cidental causes.  It  is  also  suggested  that  probably  no  citizen  of  Albany 
has  ever  noticed  this  remarkable  absence  of  rain  for  23  years  ;  and 
still  I  doubt  not  there  are  thousands  who  will  tell  us  that  they  have 
always  noticed,  that  if  it  rains  on  the  first  sabbath  of  a  mouth,  it  is 
sure  to  rain  on  each  succeeding  sabbath. 

In  order  to  supply  as  far  as  possible  the  want  of  a  series  of  ob- 
servations sufliciently  long,  I  have  had  recourse  to  the  Journal  of 
Dr.  HoLYOKE.  kept  at  Salem  (Mass.)  from  1786  to  1828  ;  in  which 
it  was  recorded  each  day  whether  it  was  fair,  cloudy,  or  rainy,  al- 
though the  amount  of  rain  was  not  registered.  I  have  taken  the  sum 
of  the  rainy  days  for  each  day  of  the  month,  and  have  appended  to 
this  the  Albany  register,  making  thus  a  continued  record  for  65 
years.  The  greatest  number  of  rainy  days  on  any  one  day  of  the 
month,  for  the  entire  period,  was  25  on  the  5th ;  and  the  least  num- 
ber was  12,  on  the  6th.  In  order  to  eliminate  the  influence  of  foreign 
causes,  we  will  group  the  observations  in  periods  of  five  days,  and 
we  obtain  the  following  numbers  : 

98  rains; 
76     .. 

90  .. 

88  .. 

89  .. 

91  .. 
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So  far  then  as  these  observations  indicate  any  influence  of  the  day 
of  the  month  upon  the  amount  of  rain,  they  lead  to  the  conclusion  that 
the  first  five  days  of  September  are  unusually  rainy,  and  the  second 
five  days  unusually  dry.  In  point  of  fact,  I  regard  such  a  conclusion 
as  premature ;  but  the  observations  clearly  indicate  that  there  is  no 
more  reason  to  expect  rain  at  the  time  of  the  autumnal  equinox,  than 
on  the  week  preceding  or  the  week  following. 

From  all  these  observations,  1  infer  that  the  popular  notion  of  an 
unusual  fall  of  rain,  either  in  Old  England  or  in  New  England,  about 
the  time  of  the  autumnal  equinox,  is  wholly  unfounded ;  and  is  akin 
to  those  superstitions  which  make  some  particular  day  of  the  month 
"  observation  day  "  for  the  entire  month,  or  make  the  fall  of  rain 
dependent  upon  the  annual  meeting  of  Quakers ;  or,  in  the  language 
of  the  Poet, 

If  the  first  of  July  be  rainy  weather, 

Twill  rain  more  or  less  for  forty  days  together. 
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Mr.  W.  C.  Redfield  remarked,  that  nothing  could  be  more  un- 
founded than  the  traditional  notion  of  an  immediate  or  special  c<»i- 
nection  between  the  equinox  and  the  storms  of  that  period.  The 
meteorological  records  which  he  had  examined,  afford  no  grounds 
for  this  very  prevalent  opinion ;  as  will  equally  appear,  whether  we 
view  the  fall  of  rain  as  alone  constituting  the  storm,  or  consider  the 
rain  as  but  a  common  though  not  essential  feature  of  a  storm  or  gale* 

(In  further  discussion  on  Prof.  Loomis*s  paper,  Dr.  Harb  referred 
to  another  paper  of  Prof.  Loomis  on  the  storm  of  December  1836, 
as  proving  the  progress  of  that  storm  towards  the  southeast,  and 
thus  far  confuting  the  views  of  Mr.  Redfield.) 

Mr.  Redfield  said,  in  regard  to  the  storm  of  December  1836,  so 
elaborately  investigated  by  Prof  Loomis,  its  alleged  line  of  progress 
towards  the  southeast  he  deemed  as  not  accordant  with  the  baro- 
metric observations  which  Prof  Loomis  had  adduced.  For  if  the  tme 
line  of  progress  be  that  of  the  area  of  greatest  barometric  depression 
in  the  storm,  as  Dr.  Hare  justly  admits,  it  will  be  found  from  the 
barometric  observations  at  Syracuse,  Montreal  and  Quebec,  when 
compared  with  those  east  of  the  Hudson  and  at  Halifax,  that  the 
actual  progress  of  the  barometric  minimum  or  nucleus  of  the  storm 
was  towards  the  northeaat,  passing  over  the  valley  of  the  St.  Law- 
rence in  its  course.  This  greatly  affects  some  of  the  inductions  re- 
garding the  phenomena  of  that  storm. 


34.  Strictctres  on  Professor  Espy's  Report  on  Storms  to  thi 
Secretary  of  the  Navy,  as  respects  the  Theoretical  In- 
ferences.    By  Dr.  Robert  Hare. 

I  have  seen*  a  report  made  to  the  Secretary  of  the  Navy  by  Pro£ 
Espy,  which,  so  far  as  it  correctly  records  the  phenomena  of  various 
storms,  must  be  honorable  to  the  author,  and  worthy  of  the  depait- 
ment  of  our  government  under  whose  auspices  it  has  been  made. 
Doubtless,  in  this,  as  in  other  publications  originating  from  the  same 
source,  there  may  be  a  great  exhibition  of  ability,  science,  and  zeal : 
nevertheless,  I  question  the  propriety  of  making  any  particular 
hypothesis  the  subject  of  an  official  report  by  its  author,  an  ardent 
advocate,  unaccompanied  by  a  fair  summary  of  the  objections  which 
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have  been  made  to  it,  or  any  notice  of  any  other  hypothesis  which 
may  have  been  advanced  as  preferable.  With  Prof.  Espy's  opinions 
I  concur  so  far  as  to  agree  in  the  inference  that  hurricanes  and  tor- 
nadoes are  the  consequence  of  the  ascent  of  air  from  a  focal  area  or 
intermediate  space,  by  which  a  confluence  from  two  or  more  oppo- 
site quarters,  to  supply  the  deficit  thus  arising,  is  induced ;  yet  we 
differ  as  to  the  cause  of  the  ascent  of  the  air  in  such  cases.  In  the 
yeai'  1835  I  advanced,  before  a  meeting  of  the  American  Philoso- 
phical Society,  that  the  cauv  of  the  ascent  in  question  was  a  dis- 
charge of  electricity  between  the  earth  and  sky.  This  explanation 
was  made  the  subject  of  a  memoir  published  in  the  transactions  of 
that  society  in  the  year  1836. 

I  will  endeavor  to  give  a  sketch  of  the  views  which  I  now  enter- 
tain on  this  subject,  hoping  to  present  them  more  briefly  and  forcibly 
than  I  did  at  that  time. 

Every  person  familiar  with  the  phenomena  of  electricity  as  pro- 
duced by  an  electrical  machine,  must  be  aware  that  there  are  two 
modes  in  which  a  discharge  may  be  effected  between  the  oppositely 
charged  surfaces  of  conductors,  or  of  a  coated  electric.  In  one  case, 
simultaneously  with  the  discharge,  a  vivid  spark  is  seen  to  take 
place ;  in  the  other  case,  some  movable  body,  such  as  a  bell-clapper, 
a  pith-ball,  or  a  blast  of  air  issuing  from  a  projecting  point,  is  made 
to  convey  electricity  from  one  surface  to  the  other,  until  a  discharge 
is  accomplished.  The  latter  process  has  been  designated  by  Faraday 
as  the  convective  discharge,  from  conveho,  to  carry ;  while  the  former 
is  designated  as  diruptive,  from  dirumpo,  to  break  through  ;  since, 
in  this  case,  the  opposite  waves  break  through  the  air,  conveying  the 
whole  charge  at  once  ;  while  in  the  other  process,  the  opposite  ex- 
citements are  gradually  neutralized  by  successive  contacts  with  the 
matter  passing  from  one  surface  to  the  other.  Notoriously  either  of 
these  discharging  processes  may  be  substituted  for  the  other,  by  a 
slight  variation  of  distance. 

Thus,  in  the  experiment  in  which  pith-balls  are  made  to  resemble 
hail,  by  dancing  between  oppositely  electrified  disks,  an  approxima- 
tion of  one  of  the  disks  towards  the  other  induces  a  spark  or  dirup- 
tive discharge,  and  thus  causes  dancing  to  cease.  In  Cuthbertson's 
balance  electrometer,  the  movable  ball  approaches  that  which  is 
stationary,  in  obedience  to  the  convective  process ;  but  as  soon  as 
the  distance  between  the  balls  is  reduced  within  the  striking  dbtance, 
a  diruptive  discharge  ensues,  indicated  as  usual  by  a  spark. 
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It  follows  that  by  a  slight  variatioii  as  to  distance,  the  same  degree 
of  electrical  excitement  may  be  productive  either  of  a  convective  or 
of  a  diruptive  discharge.  Excepting  a  prodigious  disparity  in  mag- 
nitude, the  diruptive  spark  discharge  is  universally  recognized  as 
perfectly  similar  to  lightning  :  both  ^re  admitted  to  be  due  to  dis- 
charges of  electrical  accumulations,  differing  only  as  to  magnitude. 
Since,  agreeably  to  this  exposition,  susceptibility  of  commutation 
exists  as  respects  diruptive  discharge  in  its  minuter  forms  and  con- 
vective discharge  upon  the  same  scal%  does  it  not  follow  that  the 
former,  as  produced  by  the  gigantic  processes  of  nature,  should  be 
commutable  with  a  convective  process  of  corresponding  immensity  ? 
But  if  the  spark  or  diruptive  discharge  is  exemplified  by  lightning, 
how  is  the  latter  to  be  exemplified  ?  Where  is  there  any  gigantic 
meteorological  process  which  can  supply  the  deficiency,  excepting 
that  of  the  tornado  or  hurricane,  which  last  may  be  viewed  as  a 
tornado  on  a  scale  of  preeminent  grandeur  ? 

If  from  a  point  electrified  by  a  machine,  a  blast  of  air  may  proceed 
as  strong  as  from  a  blowpipe  supplied  by  a  bellows,  may  not  an 
enormous  blast  be  emitted  from  every  terrestrial  prominence  elec- 
trified by  the  powerful  apparatus  of  nature,  as  much  greater  than 
that  of  a  blowpipe,  as  a  spark  of  lightning  of  a  mile  in  length  ex- 
ceeds that  yielded  by  an  excited  conductor  or  charged  jar  ?  So  long 
as  there  is  an  ascent  of  air  consequent  to  electrical  convection,  there 
must  be  a  confluence  of  the  same  fluid  from  two  or  more  opposite 
quarters  to  supply  the  deficit  thus  created ;  and  the  air,  as  it  follows 
the  electrified  column,  being  successively  similarly  electrified,  that 
enduring  trunk  or  column  is  formed  and  sustained  which  character- 
izes tornadoes  or  waterspouts. 

Within  this  travelling  trunk,  which,  in  its  form,  contortions  and 
deleterious  power,  resembles  that  of  an  enormous  elephant,  as  mis- 
chievous as  gigantic,  bodies  are  not  only  subjected  to  the  same  con- 
vective influence  as  the  air,  but  are  also  exposed  to  the  upward  force 
arising  from  a  vertical  blast.  On  each  side  of  the  track  which  marks 
the  progress  of  the  trunk,  bodies  are  subjected  to  the  confluent  blasts 
which  rush  in  to  supply  the  upward  current. 

The  alternation  of  the  convective  and  diruptive  discharges  was 
well  exemplified  in  the  phenomena  of  the  Providence  Tornado  of 
1840,  as  described  by  a  most  worthy  and  well-informed  observer, 
Zachariah  Allen,  Esq,  As  soon  as  the  trunk  reached  the  river,  the 
water  throughout  the  included  area  rose  up  as  in  a  state  of  ebnlliticm 
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by  the  convective  influence ;  but  a  diruptive  discharge  in  the  form 
of  lightning  taking  place,  the  foam  subsided  momentarily,  yet  rose 
again,  until  by  another  spark  of  lightning  another  subsidence  ensued. 
Were  ever  facts  more  accordant  with  an  explanation,  than  those 
observed  by  Mr.  Allen  with  the  hypothesis  which  I  advanced  t 

Hurricanes  may  be  considered  as  the  consequence  of  a  convective 
electrical  dischcu'ge,  on  a  vastly  more  extensive  scale  than  tornadoes. 
Evidently  there  can  be  no  conceivable  limits  to  the  immensity  which 
such  electrical  discharges  may  acquire.  All  that  is  essential  to  an 
accumulation  of  electricity  analogous  to  that  wbifh  may  be  secured 
by  means  of  a  coated  pane  or  leyden  jar,  is,  that  there  shall  be  a 
suitable  electric  to  fill  the  office  performed  by  the  glass  in  those 
instruments,  and  two  conductors  competent  to  act  as  coatings. 

Experience  shows  that  the  denser  portion  of  the  atmosphere, 
which  lies  between  the  storm-clouds  and  the  earth,  is  competent  to 
act  as  an  electric ;  since  otherwise  there  would  be  no  thunder-gusts, 
nor  any  atmospheric  discharges  as  displayed  in  the  form  of  lightning. 
That  air,  rarefied  to  a  certain  degree,  becomes  capable  of  acting  as 
a  coating  does  in  the  instance  of  the  leyden  jar,  is  proved  by  the  fact 
that  the  inner  surface  of  a  glass  globe,  within  which  the  air  is  rare- 
fied by  exhaustion,  may  be  charged  like  a  leyden  jar,  if  to  the  outer 
surface  a  conducting  body  be  applied,  and  a  due  communication 
made  with  an  electrical  machine  in  operation. 

As  it  is  well  known  that  the  terrestrial  surface  is  a  conductor,  it 
follows  that  in  that  surface,  the  denser  air  in  proximity  therewith,  and 
the  rai-efied  conducting  air  above,  we  have  an  electric  between  two 
conductors  competent  to  act  as  coatings.  Thus  the  dense  air  acts  as 
a  glass  pane  between  two  coatings,  or  as  the  glass  in  an  exhausted 
globe  acts  between  the  rarefied  air  within  and  the  hand  of  the  ope- 
rator  without.  We  have,  therefore,  all  that  is  requisite  to  the  recep- 
tion of  an  electrical  charge. 

That  the  means  of  disturbing  of  the  electric  equilibrium  are 
abundantly  prolific,  the  terrific  discharges  of  lightning  in  electrical 
storms  can  leave  no  doubt 

Using  the  language  of  the  Franklinian  theory,  I  urged  that,  in  the 
concentric  spaces  occupied  by  the  earth  and  that  occupied  by  the 
rare  conducting  medium  above  alluded  to,  there  must  be  two  oceans 
of  electricity,  which  could  not  fail  from  mechanical  or  chemical 
causes  to  be  in  different  states.  But  assuming  that  electricity  is  a 
result  of  the  polarization  of  the  ethereal  fluid,  to  the  undulation  of 
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which  light  is  ascribed,  we  are  led  to  substitute  for  oceans  of  a 
specific  fluid,  the  idea  of  a  boundless  ocean  of  ethereal  matter,  which 
by  peculiar  affections  may  become  competent  to  perform,  within  the 
concentric  spaces  alluded  to,  the  part  assigned  by  Franklin  to  one 
fluid,  by  Dufay  to  two  fluids. 

Consistently  it  may  be  inferred  that  an  atmospheric  change  may 
extend  all  around  the  globe,  so  as  to  make  one  great  battery  analo- 
gous to  that  above  described  of  the  exhausted  glass  globe ;  the  ra- 
refaction being  in  one  case  internal,  in  the  other  external.  Agreeably 
to  these  considerations,  there  are  no  limits  to  the  possible  extent  of 
atmospheric  accumulations  of  electricity,  while  the  rapidity  with 
which  discharges  pervade  conductors  is  such  as  to  render  distance 
no  obstacle.  Agreeably  to  the  lowest  estimate  of  the  velocity  of  the 
electric  waves  as  produced  by  a  galvanic  apparatus  (of  a  very  low 
intensity  compared  with  frictional  accumulations),  in  two  seconds 
the  waves  would  encompass  the  earth ;  but  according  to  Wheat- 
stone,  a  discharge  from  a  leyden  jar  would,  daring  the  same  time, 
go  round  the  globe  ten  times. 

Against  the  idea  that  there  could  be  any  adequacy  in  the  apparatus 
of  nature,  such  as  to  make  bodies  dance  between  the  earth  and  sky, 
as  puppets  and  pith-balls  are  seen  to  dancb  between  electrified  brass 
disks  ;  it  was  some  time  since  objected,  by  a  distinguished  meteoro- 
logist, that  a  stratum  of  an  elastic  fluid,  like  air,  could  not  perform 
the  part  of  a  solid  metallic  disk. 

The  answer  to  this  is,  that  whatever  state  of  things  is  competent 
to  sustain  electrical  charges,  is  competent  to  produce  any  of  the 
phenomena  of  Jt>charges.  Just  as  much  stability  is  requisite  to  enable 
the  diruptive  discharge  of  lightning  to  take  place,  as  to  enable  the 
convective  discharge  of  the  tornado  or  waterspout. 

The  descent  of  the  ball,  in  the  operation  of  Cuthbertson's  electro- 
meter, before  emitting  a  spark,  shows  that  attraction  accompanies 
both  discharges ;  since  convection,  causing  the  partial  descent  of  the 
ball,  takes  place,  as  above  described,  before  a  spark  ensues. 

There  can  be  no  doubt,  that  so  far  as  electrical  repulsion  counter- 
acts gravitation  during  a  convective  discharge,  the  air  must  be  re- 
leased from  a  portion  of  the  compression  to  which  it  is  usually 
subjected.  There  must,  therefore,  be  a  sudden  dilatation  codperating 
with  the  other  causes  of  violence. 

From  all  that  I  have  urged,  I  infer  that  there  is  no  necessity  for 
our  seeking  other  causes  for  electrical  storms,  than  those  which  may 
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be  found  within  the  province  of  that  all-important  agent  in  the  phy- 
sical creation  which  we  call  electricity ;  and  further,  while  it  has 
been  shown,  I  trust,  that  in  atmospheric  accumulations  there  is  an 
ample  source  of  stormy  reaction  in  its  most  violent  forms,  I  hope  to 
prove  that  the  cause  assigned  by  Mr.  Espy  is  incompetent  to  produce 
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densation  of  vapor  to  be  correct,  I  aver  that  no  buoyancy  thus 
created  in  the  upper  part  of  an  aerial  column  would  cause  any  dis- 
turbance of  the  column  below  the  level  of  that  upper  part. 

Count  Rumford  first  showed  that  water  may  be  boiled  at  the  top 
of  a  containing  vessel,  without  warming  or  disturbing  the  liquid 
lying  below  the  part  where  the  heat  may  be  applied.  This  fact  has 
been  demonstrated  by  me,  on  a  large  scale,  during  each  df  thirty 
courses  of  lectures.  In  Mr,  Espy*s  presence,  about  five  years  ago,  I 
demonstrated  that  this  law  is  equally  true  in  the  case  of  air. 

A  large  boll-glass  was  so  supported  in  an  inverted  position,  as  to 
allow  the  axis  of  a  spirit-lamp  flame  to  be  concentric  with  the  bore 
of  the  nec^.  In  the  next  place,  a  tuft  of  cotton,  nearly  equalling  in 
diftneter  the  mouth  of  the  bell,  was  moistened  with  alcohol.  By 
means  of  tongs,  this  tuft,  being  held  just  above  the  mouth  of  the  bell, 
was  inflamed.  Of  course,  the  difiereuce  of  temperature  thus  created 
was  incomparably  greater  than  any  which  could  be  producible  by 
the  latent  heat  yielded  by  condensing  vapor.  Moreover,  the  whole 
lifting  influence  was  concentrated  upon  the  comparatively  narrow 
area  of  the  bore  in  the  neck  ;  yet  the  smallest  acceleration  could  not 
be  perceived  to  take  place  :  the  flame  was  not  in  the  slightest  de- 
gree disturbed.  Subsequently,  at  the  meettng  of  the  Association  at 
Cambridge  in  1849,  an  apparatus  was  constructed,  by  which  the 
experiment  above  described  was  repeated  with  an  improved  ar- 
rangement. 

Inside  of  the  inverted  bell,  so  as  to  cover  the  bore  of  the  neck 
immediately  over  which  it  rested,  a  disk  of  wire  gauze  was  placed, 
supporting  a  few  thin  fibres  of  cai*ded  cotton.  About  half  an  inch 
above  the  mouth  of  the  bell,  another  disk  or  tray  of  wire  gauze  was 
upheld  by  appropriate  means,  on  which  there  was  put  a  stratum  of 
carded  cotton  sufficiently  copious.  These  preparations  being  com- 
pleted, the  cotton  above  the  bell  was  ignited.  Notwithstanding  the 
enormous  rise  of  temperature  thus  produced  in  the  upper  part  of  the 
column  of  air,  of  which  the  lower  portion  occupied  the  bell-glass,  so 
entirely  was  this  lower  portion  uninfluenced,  that  there  was  not  the 
least  perceptible  agitation  produced  among  the  most  delicate  fibres 
of  the  cotton. 

This  perfect  immobility  of  the  air  subjacent  to  a  column  of  that 
fluid,  to  which  a  great  ascensional  power  seems  to  be  imparted  by 
the  ignition  of  the  cotton  as  above  described,  will  not  excite  wonder, 
when  it  is  recollected  that  the  buoyancy  is  not  the  consequence  of 
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absolute  levity,  but  of  comparatively  lesser  weight.  The  ascent  of  a 
balloon  is  not  spontaneous ;  it  is  the  effect  of  coercion  :  it  is  forced 
to  ascend,  by  the  superior  gravity  and  consequent  pressure  of  the 
surrounding  air ;  but  while  this  displaces  the  balloon,  it  does  not  on 
that  account  relax  its  pressure  on  the  subjacent  portion  of  the  at- 
mosphere. 

It  is  admitted  that,  on  reaching  the  rarefied  region  where  the 
atmospheric  clouds  appear,  the  consequent  condensation  of  aqueous 
vapor  will  make  any  body  of  air  containing  it  warmer  than  it  would 
otherwise  be ;  and  from  the  lowest  level  above  which  the  heat  is 
applied,  there  would  be  a  more  or  less  disturbance,  in  consequence 
of  the  greater  buoyancy  of  the  column  warmed  by  the  condensation 
of  vapor.  But  this  disturbance  would,  as  I  conceive,  be  much  less 
abrupt  and  forcible  than  the  Espian  hypothesis  of  ^rms  requires. 

Even  after  the  condensation  of  aqueous  vapor  is  efiOTted,  the  water 
which  formed  it  will  remain  within  the  column,  and  still  add  to  its 
weight,  so  that  the  total  weight  will  not  be  diminished.  Moreover, 
by  swelling  upwards,  as  it  naturally  will  do,  towards  the  region 
where  there  is  least  resistance,  it  will  become  as  much  taller  as  rarer, 
and  thus  compensate  by  its  greater  height  for  the  loss  of  specific 
gravity.  In  a  non-elastic  fluid,  any  superiority  of  elevation,  in  any 
portion  expanded  more  than  the  rest,  would  be  rapidly  oompensated 
by  the  overflow  of  the  excess ;  but  in  an  elastic  fluid,  where  the 
summit  must  be  so  rare  as  to  have  scarcely  any  perceptible  weight, 
no  such  active  overflow  can  take  place  as  would  be  requisite  to 
produce  any  violent  exchange  of  position  between  the  column  thus 
affected  and  the  surrounding  portion  of  atmosphere. 

If,  as  represented  by  Espy,  all  that  is  requisite  to  produce  a  tor- 
nado, is  an  upward  current  of  air,  preeminently  warm  and  moist, 
and  penetrating  into  the  region  of  the  clouds,  the  conditions  are 
abundantly  realized  in  the  vicinity  of  the  equator.  The  trade  winds 
have  long  been  ascribed  to  the  ascent  of  air  from  the  regions  on  each 
side  of  the  equatorial  line,  in  consequence  of  the  rarefaction  arising 
from  a  comparatively  superior  temperature.  To  supply  the  vertical 
current  thus  created,  the  air  is  conceived  to  flow  towards  the  equator 
from  regidns  more  remote,  and  less  heated  by  the  sun  ;  the  currents 
thus  caused  being  rendered  more  westerly  in  their  directions  re- 
latively to  the  earth's  surface,  by  the  diurnal  motion  of  that  surface, 
which  is  necessarily  accelerated  with  the  increase  of  its  distance 
Brom  the  terrestrial  axis  as  the  equator  is  approached.  As,  in  con- 
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sequence  of  the  warmth  to  which  its  ascent  is  attributed,  and  an 
ample  contact  with  the  surface,  the  upward  current  must  be  replete 
with  aqueous  vapor,  all  the  requisites  which  the  Espian  theory 
requires  for  the  production  of  a  perpetual  gigantic  tornado  are 
present ;  and  yet  none  is  produced. 

With  the  hypothesis  which  ascribes  tornadoes  to  an  electrical 
dbcharge,  it  is  quite  consistent  that  there  should  be  no  thunder- 
storms within  the  region  of  the  vertical  current,  or  the  trade  winds 
produced  thereby ;  since  there  is  a  perpetual  discharge  by  convec- 
tion, preventing  of  course  any  electrical  accumulations. 


35.  On  the  Clouds  and  the  Equatorial  Cloud  Rings  of  the 
Earth.  By  Lieut.  M.  F.  Maury,  Superintendent  of  the  Na- 
tional Observatory. 

The  sailor  at  sea  observes  phenomena,  and  witnesses  operations  in 
the  terrestrial  economy  which  tell  him,  that  in  the  beautiful  and  ex- 
quisite adjustments  of  the  grand  machinery  of  the  atmosphere,  the 
clouds  have^mportant  offices  to  perform  besides  those  of  dispensing 
showers,  of  producing  the  rains,  and  of  weaving  mantles  of  snow 
for  the  protection  of  our  fields  in  winter.  As  important  as  is  this 
office,  the  philosophical  mariner  —  and  there  are  many  such— is 
reminded  that  the  clouds  have  other  commandments  to  fulfil,  which, 
though  less  obvious,  are  not  therefore  the  less  benign  or  the  less 
worthy  of  note.  He  beholds  them  at  work  in  moderating  the  extremes 
of  heat  and  cold,  and  in  mitigating  climates.  At  one  time  they  spread 
themselves  out ;  they  cover  the  earth  as  with  a  mantle ;  they  prevent 
radiation  from  its  crust,  and  keep  it  warm  :  at  another  time,  they 
interpose  between  it  and  the  sun,  and  screen  it  from  his  scorching 
rays,  to  protect  the  tender  plants  from  his  heat,  the  land  from  the 
drouth.  Having  performed  this  office  for  one  place,  they  are  evapo- 
rated and  given  up  to  the  sunbeam  and  the  wind  again,  to  be  borne 
on  their  wings  away  to  other  places  which  stand  in  need  of  like 
offices. 

Familiar  with  clouds  and  sunshine,  the  storm  and  the  calm,  and  aD 
the  phenomena  which  the  lightning  and  the  blast  present,  the  right- 
minded  mariner,  as  he  contemplates  **the  cloud  without  rain,"  ceasei 
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to  regard  it  as  an  empty  thing ;  he  perceives  that  it  performs  many 
important  offices ;  he  regards  it  as  a  great  moderator  of  heat  and 
cold,  and  considers  the  equatorial  cloud-iing  which  encircles  the 
earth  as  a  great  balance-wheel  in  the  atmospherical  machinery. 
Bound  in  his  ship  hence  to  the  southern  hemisphere,  he  enters  the 
region  of  the  northeast  trades,  and  finds  the  sky  sometimes  mottled 
with  clouds,  but  for  the  most  part  clear ;  continuing  his  course  to- 
wards the  line,  he  finds  his  thermometer  to  rise  higher  and  higher 
as  he  approaches  the  equator ;  until  entering  the  region  of  equatorial 
calms  and  rains,  he  feels'  the  weather  to  become  singularly  murky, 
close  and  oppressive ;  he  discovers  here  that  the  elasticity  of  feeling 
which  he  breathed  from  the  trade  wind  air,  has  forsaken  him. 

Escaping  from  this  gloomy  region,  and  entering  the  southeast 
trades,  his  spirits  revive,  and  he  turns  to  his  Log-book  to  see  what 
changes  are  recorded  there.  He  is  surprised  to  find,  that  notwith- 
standing the  oppressive  weather  of  the  rainy  latitudes,  both  his 
thermometer  and  barometer  stood,  while  in  them,  lower  than  in  the 
clear  weather  on  either  side  of  them ;  that  just  before  entering,  and 
just  before  leaving  the  rainy  parallels,  the  mercury  of  the  thermo- 
meter and  barometer  invariably  stands  higher  than  it  does  when 
within  them,  even  though  they  include  the  equator.  He  has  passed 
a  ring  of  clouds  that  encircles  the  earth. 

Perceiving  this,  he  is  reminded  how  this  cloud«ring,  by  screening 
these  parallels  from  the  sun's  rays,  not  only  promotes  the  precipita- 
tion which  takes  place  within  it  at  certain  periods,  but  how  also  the 
rains  are  made  to  change  the  places  upon  which  they  are  to  fall ; 
and  how,  by  travelling  with  the  calm  belt  of  the  equator  up  and  down 
the  earth,  this  cloud-ring  shifb  the  surface  from  which  the  heating 
rays  of  the  sun  are  excluded ;  and  how,  by  this  operation,  tone  is 
given  to  the  atmospherical  circulation  of  the  world. 

In  a  clear  day  at  the  equator,  this  cloud-ring  having  sHpt  to  the 
north  or  south  with  the  calm  belt,  the  rays  of  the  sun  pour  down 
upon  the  crust  of  the  earth  and  raise  its  temperature  to  a  scorching 
heat.  The  atmosphere  dances  above  it,  and  the  air  is  seen  trembling 
in  ascending  and  descending  columns  with  busy  eagerness  to  con- 
duct the  heat  ofi*,  and  deliver  it  to  the  regions  aloft,  where  it  is 
required  to  give  momentum  to  the  air  in  its  general  channels  of  cir- 
culation. The  dry  season  continues ;  ihe  sun  is  vertical ;  and  finally 
the  earth  becomes  parched  and  dry  :  the  heat  accumulates  faster 
than  the  air  can  carry  it  away ;  the  plants  begin  to  wither,  and  the 
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animals  to  perish.  Then  comes  the  mitigating  cloud-ring;  the  burning 
rays  of  the  sun  are  intercepted  by  it  The  place  for  the  absorption 
and  reflection,  and  the  delivery  to  the  atmosphere  of  the  solar  heat 
is  changed ;  it  is  transferred  from  the  upper  surface  of  the  earth  to 
the  upper  surface  of  the  clouds. 

Radiation  from  the  land,  and  from  the  sea  below  the  cloud  belt,  is 
thus  interrupted,  and  the  excess  of  heat  in  the  earth  is  delivered  to 
the  air,  and  by  absorption  carried  up  to  the  clouds,  and  there  de- 
livered to  their  vapors  to  prevent  excess  of  precipitation. 

In  the  mean  time,  the  trade  winds  north  and  south  are  pouring 
into  this  cloud-covered  receiver,  as  the  calm  and  rain  belt  of  the 
equator  may  be  called,  fresh  supplies  in  the  shape  of  ceaseless 
volumes  of  heated  air  loaded  to  saturation  with  vapor,  which  has  to 
rise  above  and  get  clear  of  the  clouds  before  it  can  commence  the 
process  of  cooling  by  radiation.  In  the  mean  time  also  the  vapors 
which  the  trade  winds  bring  from  the  north  and  the  south,  expand- 
ing and  growing  cooler  as  they  ascend,  are  being  condensed  on  the 
lower  side  of  the  cloud  stratum,  and  their  latent  heat  is  set  free,  to 
check  precipitation  and  prevent  a  flood. 

While  this  process  and  these  operations  are  going  on  on  the  nether 
side  of  the  cloud-ring,  one  not  less  important  is  going  on  on  the 
upper  side.  There,  from  sunrise  to  sunset  the  rays  of  the  sun  are 
pouring  down  without  intermission.  Every  day,  and  all  day  long,  they 
operate  with  ceaseless  activity  upon  the  upper  sur&ce  of  the  doud 
stratum.  When  they  become  too  powerful,  and  convey  more  heat  to 
the  cloud  vapors  than  the  cloud  vapors  can  reflect  and  give  off  to 
the  air  above  them,  then,  with  a  beautiful  elasticity  of  character,  the 
clouds  absorb  the  surplus  heat.  They  melt  away,  become  invisible, 
and  retain,  in  a  latent  and  harmless  state,  until  it  is  wanted  at  some 
other  place  and  on  some  other  occasion,  the  heat  thus  imparted. 

We  thus  have  an  insight  into  the  operations  which  are  going  on  in 
the  equatorial  belt  of  precipitation,  and  this  insight  is  sufficient  to 
enable  us  to  perceive  that  exquisite  indeed  are  the  arrangements 
which  nature  has  provided  for  supplying  this  calm  belt  with  heat, 
and  for  pushing  the  snow  line  there  high  up  above  the  clouds,  in 
order  that  the  atmosphere  may  have  room  to  expand,  to  rise  up, 
overflow,  and  course  back  into  the  channels  of  its  circulation.  As 
the  vapor  is  condensed  and  formed  into  drops  of  rain,  a  twofold  ob- 
ject is  accomplished  :  coming  from  the  cooler  regions  of  the  clouds, 
tke  rain  drops  are  cooler  than  the  air  and  earth  below.  They  descend. 
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and  by  absorption  take  up  the  heat  which  has  been  accumulating Jn 
the  earth's  crust  during  the  dry  season,  and  which  cannot  now 
escape  by  radiation.  Thus  the  equatorial  cloud-ring  niodifies  the 
climate  of  all  places  beneath  it ;  overshadowing  at  different  seasons 
all  parallels  from  5°  S.  to  15*  N. 

In  the  process  of  condensation,  these  rain  drops  on  the  other  hand 
have  set  free  a  vast  quantity  of  latent  heat,  which  has  been  gathered 
up  with  the  vapor  from  the  sea  by  the  trade  winds  and  brought 
hither.  The  caloric  thus  liberated  is  taken  by  the  air  and  carried  up 
aloft  still  further  to  keep,  at  the  proper  distance  from  the  earth,  the 
line  of  perpetual  congelation.  Were  it  possible  to  trace  a  thermal 
curve  in  the  upper  regions  of  the  air  to  represent  this  line,  we  should 
no  doubt  find  it  mounting  sometimes  at  the  equator,  sometimes  on 
this  side,  and  sometimes  on  that,  of  it,  but  so  as  always  to  overleap 
this  cloud-ring.  This  thermal  line  would  not  ascend  always  over  the 
same  parallels  :  it  would  ascend  over  those  between  which  this  ring 
happens  to  be ;  and  the  distance  of  this  ring  from  the  equator  is 
regulated  according  to  the  seasons. 

If  we  imagine  the  atmospherical  equator  to  be  always  where  the 
calm  belt  is  which  separates  the  northeast  from  the  southeast  trade 
winds,  then  the  loop  in  the  thermal  curve  which  should  represent 
the  line  of  perpetual  congelation  in  the  air  would  be  always  found 
to  stride  this  equator ;  and  it  may  be  supposed  that  a  thermometer 
kept  sliding  on  the  surface  of  the  earth  so  as  always  to  be  in  the 
middle  of  this  rain  belt,  would  show  very  nearly  the  same  tempera- 
ture all  the  year  round ;  and  so  too  would  a  barometer  the  same 
pressure. 

This  ring,  or  band,  or  belt  of  clouds,  is  stretched  around  our  planet 
to  regulate  the  quantity  of  precipitation  in  the  rain  belt  beneath 
them ;  to  preserve  the  due  quantum  of  heat  on  the  face  of  the  earth ; 
to  adjust  the  winds ;  and  send  out  for  distribution  to  the  four  cor- 
ners, vapors  in  proper  quantities  to  make  up  to  each  river-basin, 
climate  and  season,  its  due  quota  of  sunshine,  cloud  and  moisture. 
Like  the  balance  wheel  of  a  well  constructed  chronometer,  this 
cloud-ring  affords  the  grand  atmospherical  machine  the  most  ex- 
quisitely arranged  self-compensation.  If  the  sun  fail  in  his  supply  of 
heat  to  this  region,  more  of  its  vapors  are  condensed,  and  heat  is 
discharged  from  its  latent  storehouses  in  quantities  just  sufficient  to 
keep  the  machine  in  the  most  perfect  compensation.  If,  pn  the  other 
hand,  too  much  heat  be  found  to  accompany  the  rays  of  the  sun  as 
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they  impinge  upon  the  upper  circumference  of  this  belt,  then  again 
on  that  side  are  the  means  of  self-compensation  ready  at  hand  :  so 
much  of  the  cloud  surface  as  may  be  requisite  is  then  resolved  into 
invisible  vessels,  in  which  the  surplus  heat  from  the  sun  is  stored 
away  and  held  in  the  latent  state  until  it  is  called  for,  when  instant- 
ly these  vaporous  vessels  are  condensed,  this  heat  is  set  free,  and 
becomes  a  visible  and  active  agent  in  the  grand  design. 

Returning  and  taking  up  the  train  of  contemplation  as  to  the  office 
which  this  belt  of  clouds,  as  it  encircles  the  earth,  performs  in  the 
system  of  cosmical  arrangements,  we  may  see  that  the  cloud-ring 
and  calm  zone  which  it  overshadows  is  both  ventricle  and  auricle  in 
the  immense  atmospherical  heart,  where  the  heat  and  the  forces 
which  give  vitality  and  power  to  the  system  are  brought  into  play ; 
where  strength  is  gathered,  and  impulse  given  to  th^  air  sufficient  to 
send  it  thence  through  its  long  and  tortuous  channels  of  circulation. 

That  the  thermometer  stands  lower  beneath  this  cloud  belt  than 
it  does  on  either  side  of  it,  has  not  been  shown,  or  if  shown,  it  has 
not  yet  been  made  to  appear  by  actual  observation,  so  far  as  my  re- 
searches are  concerned ;  for  the  observations  in  my  possession  have 
not  yet  been  discussed  concerning  the  temperature  of  the  air.  But 
that  the  temperature  of  the  air  at  the  surface  under  this  cloud  ring 
is  lower,  is  a  theoretical  deduction  as  susceptible  of  demonstration 
as  is  the  rotation  of  the  earth  on  its  axis.  It  is  a  well  known  fact ; 
indeed  nature  herself  has  hung  a  thermometer  under  this  cloud  belt 
that  is  more  perfect  than  any  that  man  can  construct,  and  its  indi- 
cations are  not  to  be  mistaken. 

Where  do  the  vapors  which  form  this  cloud-ring,  and  which  are 
here  condensed  and  poured  down  into  the  sea  as  rain,  come  from  1 
they  come  from  the  trade  wind  regions  ;  under  the  cloud-ring  they 
rise  up ;  as  they  rise  up  they  expand,  and  as  they  expand  they  grow 
cool ;  moreover,  it  requires  no  mercurial  instrument  of  human  de- 
vice to  satisfy  us  that  the  air  which  brings  the  vapor  to  these  clouds 
cannot  take  it  up  and  let  it  down  at  the  same  temperature.  Precipi- 
tation and  evaporation  are  the  converse  of  each  other,  and  the  same 
air  cannot  precipitate  and  evaporate,  take  up  and  let  down  water  at 
one  and  the  same  time.  As  the  temperature  of  the  air  is  raised,  its 
capacity  for  receiving  and  retaining  water  in  the  state  of  vapor  is 
increased ;  as  the  temperature  of  the  air  is  lessened,  its  capacity  for 
retaining  that  moisture  is  diminished.  These  are  physical  laws,  and 
therefore  when  we  see  water  dripping  down  from  the  atmosphere. 
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we  need  no  instrument  to  tell  us  that  the  elasticity  of  the  vapor  so 
condensed  and  falling  in  drops  is  less  than  was  its  elasticity  when  it 
was  taken  up  from  the  surface  of  the  ocean  as  water,  and  went  up 
into  the  clouds  as  vapor. 

Hence  we  infer  that  when  the  vapors  of  sea  water  are  condensed, 
the  heat  which  was  necessary  to  sustain  them  in  the  vapor  state,  and 
which  was  borrowed  from  the  ocean,  is.  parted  with ;  and  that  there- 
fore they  were  subjected  in  the  act  of  condensation  to  a  lower  tem- 
perature than  they  were  in  the  act  of  evaporation.  This  is  what  is 
going  on  :  ceaseless  precipitation,  under  thib  cloud-ring.  Evapora- 
tion under  it  is  supended  almost  entirely  the  year  round ;  it  is  formed 
by  the  meeting  of  the  northeast  and  southeast  trade  winds.  The 
vapor  and  the  air  which  they  bring  with  them  here  ascend,  as  they 
ascend  they  expand,  as  they  expand  their  temperature  falls.  Hence, 
first  a  cloud  and  then  precipitation.  We  know  that  the  trade  winds 
encircle  the  earth ;  that  they  blow  perpetually  and  meet  each  other 
near  the  equator ;  that  here  the  air  which  they  bring  ascends,  and 
forms  a  ring  of  clouds  :  by  the  rainy  seasons  of  the  torrid  zone,  we 
can  trace  this  cloud-ring  like  a  girdle  about  the  earth. 

In  view  of  these  facts  and  of  these  laws,  it  is  useless  to  consult 
the  thermometer,  merely  to  learn  whether  the  atmosphere  under  this 
cloud-ring  be  warmer  or  cooler  than  that  on  either  side  of  it.  Our 
knowledge  of  the  laws  of  nature  tells  us  that  it  is  cooler. 

Were  the  clouds  which  overhang  this  belt  luminous,  and  could 
they  be  seen  by  an  observer  from  one  of  the  planets,  they  would  pre- 
sent to  him  an  appearance  not  unlike  the  rings  of  Saturn  do  to,  us. 
Such  an  observer  would  remark  that  this  cloud-ring  of  the  earth  has 
a  motion  contrary  to  that  on  its  axis  of  our  planet  itself ;  that 
while  the  earth  was  revolving  rapidly  from  west  to  east,  he  would 
observe  the  cloud-ring  to  go  slowly,  but  only  relatively,  from  east  to 
west.  As  the  winds  which  bring  the  cloud  vappr  to  this  region  of 
calms  rise  up  with  it,  the  earth  is  slipping  from  under  it ;  and  thus 
the  cloud-ring;  though  really  moving  from  west  to  east  with  the 
earth,  goes  relatively  slower  than  the  earth,  and  would  therefore  ap- 
pear to  require  a  longer  time  to  complete  a  revolution. 

But  unlike  the  rings  of  Saturn  through  the  telescope,  the  outer 
surface  of  the  upper  side  to  us,  of  this  cloud-ring,  would  appear  ex- 
ceedingly jagged,  rough  and  uneven. 

The  rays  of  the  sun  pUying  upon  this  peak,  and  then  upon  that» 
of  the  upper  cloud  sur&ce,  melt  away  on.e  set  of  elevations  and 
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create  anotber  set  of  depressions.  The  whole  stratum  is,  it  may  be 
imagined,  in  the  most  turgid  state ;  it  is  in  continued  throes  when 
viewed  from  above  :  the  heat  which  is  liberated  from  below  in  the 
process  of  condensation,  the  currents  of  warm  air  ascending  from 
the  earth,  and  of  cool  descending  from  the  sky,  all,  we  may  well 
conceive,  tend  to  keep  the  upper  cloud  surface  in  a  perpetual  state 
of  agitation,  upheaval  and  depression. 

Imagine  in  such  a  cloud  stratum  an  electrical  discharge  to  take 
place,  the  report  being  caught  up  by  the  cloud  ridges  above,  is  passed 
from  peak  to  peak,  and  repeated  from  valley  to  valley,  until  the  last 
echo  dies  away  in  the  routterings  of  the  distant  thunder.  How  often 
do  we  hear  the  voice  of  the  loud  thunder  rambling  and  rolling  away 
above  the  cloud  surface,  like  the  echo  of  artillery  discharged  among 
the  hills. 

Hence  we  perceive  or  infer  that  the  clouds  intercept  the  progress 
of  sound  as  well  as  of  light  and  heat  through  the  atmosphere,  and 
that  the  contour  of  this  upper  surface  is  often  like  that  of  alpine 
regions. 

Again,  it  is  by  trains  of  reasoning  like  this,  that  we  are  continu- 
ally reminded  of  the  interest  which  attaches  to  the  observations 
which  the  mariner  is  called  on  to  make.  There  is  no  expression 
uttered  by  nature  which  is  unworthy  of  our  most  attentive  consider- 
ation ;  and  mariners,  by  registering  in  their  logs  the  kind  of  light- 
ning, whether  sheet,  forked  or  streaked ;  and  the  kind  of  thunder, 
whether  rolling,  muttering  or  sharp,  may  be  furnishing  facts  which 
will  throw  much  light  on  the  features  and  character  of  the  clouds 
in  different  latitudes  and  seasons. 

As  an  illustration  of  the  value  and  interest  attached  to  observa- 
tions upon  "little  things"  so  called,  I  extract  from  the  Abstract  Log 
of  a  very  close  observer  who  is  cooperating  with  me  in  the  collection 
of  mateiials  for  the  *< wind  and  current  charts."  "In  all  my  observa- 
tions," writes  this  excellent  and  indefatigable  seaman,  in  his  Abstract 
Log  kept  for  me ;  "  in  all  my  observations  on  the  tints  of  tropical 
flowers,  I  have  found  that  yellow  predominates." 

No  physical  fact  is  too  bald  for  observation ;  physical  facts  are 
the  language  of  nature,  and  every  expression  uttered  by  her  is 
worthy  of  our  most  attentive  consideration.  And  the  remark  by  this 
observant  sailor  about  the  predominance  of  yellow  in  tropical 
flowers,  would,  as  a  truism,  be  regarded  with  a  high  degree  of  in- 
terest both  by  the  botanist  and  the  chemist. 
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Navigaton  are  now  learning  to  ^11  by  the  barometer  when  they 
bave  passed  fron^  under  tbis  cloud-ring.  By  a  log  received  tbe  day 
before  I  left  Washington,  I  was  struck  with  the  master's  remarks 
upon  the  subject.  Capt.  John  H.  Young,  of  the  ship  Venice  of  Phi- 
ladelphia, on  a  voyage  from  New- York  round  the  world  in  1860^1, 
observes  : 

**  I  here  ppedict^"  says  this  clever  navigator,  just  before  reaohing  the  equator 
in  the  Atlantic  ocean  on  his  outward  passage  —  **!  here  predict  the  barometer 
will  remain  below  30** ,  until  we  get  without  the  influence  oi  the  rainy  latitudea." 

After  having  crossed  a  belt  of  5^  or  6^  of  latitude  in  breadth, 
within  which  such  remarks  as  these  are  frequent :  <  Weather  warm 
and  sultry ; '  *  heavy  rain ; '  '  very  murky  and  close  at  times ;  * 
*  quite  oppressive ;  •    *  rain,"  etc. 

On  the  7th  day,  however,  he  remarks  :  ''Assuming  the  settled 
weather  of  tbe  *  trades,'  only  requiring  a  rise  in  the  barometer  to 
assure  me  of  that  fact." 

The  day  after,  I  find  in  his  column  of  remarks  :  **  Fine  weather ; 
every  appearance  of  trades  ;  barometer  up."  This  remark  is  made 
March  5th,  1850,  in  6^  south.  Had  he  passed  that  way  in  this^month 
of  August,  he  would  probably  have  made  it  in  6®  north ;  for  his 
barometer  then  would  have  been  *  up,'  indicating  that  he  had  passed 
from  under  the  influences  of  the  cloud-ring. 

Thus  we  arrive  at  a  new  application  of  the  barometer ;  for  by     ,f^ 
carefully  observing  it,  the  navigator  may  tell,  where  other  means 
fail  him,  when  he  enters  and  when  he  leaves  the  trade-wind  region. 


if 

^  36.    On  tbb  Prooress  op  the  Ststbm  of  Mrtrorologioal  Ob- 

^  8ERVATION8   CONBUCTBD  BY  THE  SbUTHBONIAN  INSTITUTION,  AND 

'  THE  PROPRIETT  OF   FTS  IMMEDIATE  EXTENSION  THROUGHOUT   THE 

^  American  Continent.  By  Prof.  Arnold  Gutot,  of  Cambridge. 
I 

Prof.  Gutot  first  showed  the  importance  of  these  observatioiis  to 

f  the  thorough  knowledge  of  meteorology,  and  circulated  plates  and 

\  sheets  prepared  to  direct  observers  as  to  the  classification  of  the 

[  clouds,  and  giving  the  form  in  which  the  observations,  and  indicating 

I  the  times  and  manner  in  which  the  notations  ought  to  be  made.  He 

I  exhibited  also  the  instrttments  provided  by  the  Association^  such  as 
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pBychrometers,  thermometers^  etc.  Printed  tables  were  also  ex- 
hibited, which  exemplified  how  the  Association  had  published  the 
various  mean  results  which  had  been  obtained  in  one  place.  For  in- 
stance, the  published  table  exhibited  that  at  North-Salem  in  West- 
diester  county,  in  the  month  of  June,  each  day  there  was  taken 
three  times,  at  the  hours  of  6  a.  m.,  2  p.  m.  and  10  p.  M.,  observations 
of  the  meteorologic  state  of  the  atmosphere,  as  follows  :  The  phase 
of  the  moon,  the  barometrical  indication,  the  height  of  the  thermo- 
meter, direction  and  force  of  the  wind,  the  plants  in  flower,  the 
migratory  birds  first  seen,  the  state  of  the  psychrometer,  the  force 
of  vapor,  humidity,  the  state  of  the  rain-gage,  the  state  of  cloudiness, 
with  notes  of  the  various  kinds  of  clouds  visible. 

Prof.  GuYOT  stated  that  there  were  but  fifty  places  of  observation 
as  yet  established,  and  he  exhibited  how  very  small  a  portion  of  this 
continent  had  as  yet  been  covered  by  those  fifty  stations.  He  pointed 
to  the  vast  table  land  which  reached  from  the  Mississippi  to  tbe 
Rocky  Mountains.  This  vast  table  land,  he  believed,  exerted  more 
influence  on  the  meteorologv  of  the  continent  than  even  the  Rocky 
Mountains.  He  then  pointed,  by  colored  sections,  to  the  various 
positions  at  which  observations  ought  to  be  taken  :  these  various 
lines  extended  from  the  mouth  of  the  Columbia  to  the  St.  Lawrence, 
from  San  Francisco  to  Washington,  from  the  Gulf  of  California  to 
the  Rio  del  Norte,  from  the  Pacific  across  the  plateau  of  Mexico  to 
the  West  India  Islands,  across  the  isthmus  of  Tehuantepec,  at  Ni- 
caragua lake,  at  the  plateau  of  Costarica,  and  at  the  strait  of  Panama 
to  Chagres. 


37.  On  the  Meteorological  Observations  of  New- York  from 
1825  to  1850.  By  Franklin  B.  Hough,  A.  M.,  M.  D.,  of  So- 
merville,  N.  Y. 

It  is  well  known  that  in  1825  the  Regents  of  the  University  of 
New- York,  following  the  example  of  the  Federal  Government  in  its 
instructions  to  the  commandants  of  its  various  military  posts,  issued 
orders  to  the  several  academies  subject  to  their  visitation,  requiring 
them  to  cause  meteorological  observations  to  be  made  after  a  spe- 
cified form,  and  with  instruments  furnished  them  for  the  purpose. 
These  observations,  which  at  that  time  were  supposed  to  fuUil  all 
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the  requirementB  of  science,  embraced  three  daily  records  of  the 
thermometer,  with  the  direction  of  the  wind,  and  appearance  of  the 
sky  as  clear  or  cloudjr,  in  the  forenoon  and  aflemoon  ;  a  record  of 
the  rain-gage ;  and  such  observations  on  storms,  meteors,  auroras, 
and  the  progress  of  vegetation,  as  might  be  deemed  worthy  of  note. 

This  system  of  observations  was  maintained  with  more  or  less 
fidelity  and  regularity,  during  twenty-four  years,  by  sixty-two  literary 
institutions  of  New- York,  the  aggregate  period  of  which  amounts  to 
eight  hundred  and  thirty-four  years  and  eight  months ;  and  the  re- 
sults, published  annually  in  the  reports  of  the  Regents,  have  been 
acknowledged  both  in  this  country  and  Europe  as  valuable  contribu- 
tions to  the  science  of  meteorology. 

The  progress  of  this  science  having  required  additional  and  more 
accurate  observations  with  improved  instruments,  the  system  of  1825 
was  discontinued  at  the  close  of  1849,  to  give  place  for  the  present 
very  thorough  and  efficient  course  of  observations. 

Although  these  records  are  without  value  in  determining  the 
extent  and  progress  of  storms,  and  the  various  atmospheric  vicissi- 
tudes which  are  indicated  by  the  delicate  instruments  now  in  use ; 
yet  they  are  invaluable  in  establishing  the  laws  of  climate,  the  mean 
temperature,  depth  of  rain,  and  general  character  of  the  weather  of 
the  several  years  and  at  the  different  stations. 

Impressed  with  the  great  value  and  importance  to  science  of  these 
records,  and  aware  of  the  difficulty  that  must  attend  reference  to 
them,  scattered  as  they  are  through  our  legislative  documents  for  a 
quarter  of  a  century,  the  writer,  several  months  since,  undertook 
the  labor  of  reducing  the  entire  series,  with  the  view  of  obtaining 
therefrom  every  fact  that  might  possess  any  value,  or  elucidate  any 
subject  in  relation  to  the  meteorology  of  the  State. 

It  is  intended  to  offer  the  results  of  these,  when  completed,  to  the 
legislature  of  New- York,  for  publication ;  and  with  the  hope  of 
insuring  a  favorable  reception  with  that  body,  the  Association  is 
respectfully  solicited  to  refer  this  subject  to  the  meteorological  com- 
mittee, to  examine  the  labor  already  performed,  and  the  details  of 
the  plan  intended  to  be  followed ;  with  the  view  of  enabling  them 
to  express  an  opinion  of  its  merits,  and  of  recommending  it,  if  found 
worthy,  to  the  favorable  notice  of  the  New- York  legislature. 
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38.  On  tbe  Maxima  and  MimnA  op  TEHPERATims  at  Hartfokd, 
Conn.    By  Prof.  J.  Brocklesbt,  of  Trinity  College,  HmrtforcL 

In  the  spring  of  the  year  1847,  among  other  meteorological  obseira- 
tions,  I  commenced  recording  the  daily  maxima  and  minima  of 
temperature,  in  order  to  ascertain  several  particulars  in  respect  to 
the  thermal  fluctuations  of  the  atmosphere  in  the  locality  where  I 
resided.  The  instrument  employed  for  observing  the  range  of  tem- 
perature was  a  Six's  thermometer  of  nice  construction,  made  by 
Cary,  of  London.  It  was  enclosed  in  a  box,  perforated  with  holes  in 
such  a  manner  as  to  admit  of  a  free  circulation  of  air  around  the 
instrument  when  the  door  of  the  box  was  closed. 

The  box  was  placed  on  the  north  side  of  a  building,  six  feet  above 
the  ground,  and  so  attached  to  the  edifice  that  an  open  space  was 
lefi  for  the  passage  of  air  between  the  back  of  the  box  and  the 
building.  Thus  situated  and  enclosed,  the  instrument  was  shielded 
from  the  direct  rays  of  the  sun,  as  well  as  from  the  heat  radiating 
from  contiguous  objects ;  and  correct  indications  of  temperature 
were  secured,  so  far  as  they  were  dependent  upon  avoiding  those 
causes  of  error  that  are  connected  with  location. 

For  the  space  of  twenty-one  months,  the  daily  maxima  and  minima 
were  recorded,  with  the  loss  from  unavoidable  circumstances  of  only 
a  very  few  observations  during  this  period.  The  series  of  observa- 
tions would  have  been  continued^  had  not  a  sudden  disarrangement 
of  the  mercurial  column  of  the  thermometer  occurred  at  the  end  of 
this  time,  which  rendered  the  instrument  useless. 

From  the  data  thus  obtained,  I  have  constructed  the  accompanying 
map*,  which  exhibits  at  a  glance  the  maxima  and  minima  of  tempera- 
ture throughout  the  period  referred  to.  In  the  system  of  ruled  lines, 
the  ordinates  represent  degrees  and  fractions  of  a  degree  of  tempera- 
ture, and  the  abscissas  (running  the  whole  length  of  the  map)  the  divi- 
sions of  time;  either  one  of  the  horizontal  sides  of  each  of  the  smallest 
squares  indicating  a  day,  and  the  adjacent  side  a  degree.  The  course 
of  the  maxima  follows  the  lower  margin  of  the  red  line,  while  that 
of  the  minima  is  traced  by  the  upper  boundary  of  the  blue  band. 
The  distance  between  the  red  and  blue  bands  in  degrees,  at  any 
particular  day,  gives  the  range  of  temperature  for  that  day  as  in- 
dicated by  the  maximum  and  minimum. 

*  Hie  map  has  been  omitted  on  aeooont  of  ili  sise. 
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The  Btim  of  tlie  daily  ranges  for  the  period  of  obserration,  ex- 
tending through  six  hundred  and  forty-three  flays,  is  nine  thousand 
four  hundred  and  £)rty-eight  and  fbrty-two  hundredths  degrees 
(9448,42®),  and  the  average  diurnal  fluctuation  is  14,694®. 

The  daily  average  variation  for  one  year,  beginning  on  the  first 
of  January  1848,  and  closing  the  first  of  January  1849,  was  found 
to  be  14,668®  ;  differing  but  (0,026®)  twenty-six  thousandths  of  a 
degree  from  the  daily  average  fluctuation  of  the  entire  period. 

The  sum  of  the  thermal  oscillations  fi>r  each  month,  the  number 
of  the  days  of  observation,  and  the  mean  daily  variation  for  each 
month  in  the  year,  are  g^iven  in  the  table  below. 


Months. 

1847. 

1848. 

1849. 

1 

Sum. 

Mean 

daily 
▼arlAlIon. 

JftDuarv. . . 

892,15® 

879.13 

446,80 

606,76 

446,50 

476,86 

890^60 

489,82 

485,97 

462,87 

888,13 

846,84 

328,74® 

55 
29 
80 
42 
62 
60 
62 
62 
60 
62 
57 
62 

720,89® 
879,18 
445,80 
876,67 
1042,69 
908,83 
898,78 
922,78 
844,16 
997,77 
759,98 
661,69 

13,107® 

13,07 

14,86 

20,87 

16,82 

15,139 

14,497 

14,883 

14,07 

16,093 

13,38 

10,51 

February. . 

March  .... 

June 

July 

August. . . . 
September. 
October  .. 
November. 
December . 

'  269,82® 
596,19 
481,98 
608,18 
432,96 
868,19 
684,90 
871,80 
805,86 

From  this  table,  it  appears  that  the  several  months  rank  as  follows 
in  respect  to  their  variability  of  temperature  : 


1.  April. 

2.  May. 

8.  October. 
4  June. 

5.  July. 

6.  August 

7.  March. 

8.  September. 

9.  November. 

10.  January. 

11.  February. 
18.  December. 


The  first  seven  months  of  this  list 
possess  an  average  daily  range  above 
that  of  the  dnttre  year,  and  the  remain- 
der are  more  or  less  below. 


The  mean  thermal  oscillation  for 
April  exceeds  by  more  than  six  degrees 
that  of  the  year,  while  December  ranges 
a  little  over  four  degrees  hilow. 


By  dividing  the  year  into  the  four  astronomical  portions  marked 
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by  the  solstices  and  equinoxes,  and  finding  the  mean  of  the  oscilla- 
tions of  temperature  belonging  to  each  division,  we  obtain  the  fol- 
lowing results  for  the  year  beginning  the  22d  of  December  1847, 
and  ending  the  22d  of  December  1848  : 

From  the  winter  solfltice  to  the  yernal  equinox,  the  mean  is  12,828^ ; 
From  the  yernal  equinox  to  the  summer  solstice,        ....       16,91 ; 
From  the  summer  solstice  to  the  autumnal  equinox,  ....       14^66 ; 
From  the  autumnal  equinox  to  the  winter  solstice,     ....       18,287. 

Throughout  the  range  of  the  year,  the  average  fluctuation  of  tem- 
perature is  therefore  greatest  in  the  spring,  le<ut  in  the  winter,  and 
more  in  the  summer  than  in  the  fall. 

The  most  extensive  diurnal  variation  within  the  period  of  time 
under  review  is  thirty-seven  degrees  and  a  half,  and  occurred  on  the 
24th  of  December  1848.  On  the  9th  and  10th  of  April  of  the  same 
year,  the  oscillations  of  temperature  were  respectively  thirty-five 
degrees  and  thiity-thi-ee  and  a  third  degrees ;  and  in  three  other 
instances  only  the  range  of  the  daily  temperature  exceeded  thirty 
degrees.  The  lowest  daily  variation  took  place  on  the  25lh  of  Sep- 
tember 1848,  when  the  difference  between  the  maximum  and  mini- 
mum amounted  only  to  one  twentieth  part  of  a  degree*. 

Although  the  preceding  results  show  that  the  locality  where  the 
observations  were  taken  partakes  largely  of  the  proverbial  fickleness 
of  the  climate  of  New-England,  nevertheless  the  sum  of  9448,42^ 
does  not  indicate,  as  will  readily  be  seen,  all  the  thermal  fluctuations 
embraced  within  the  period  of  time  whence  we  derive  this  sum  : 
neither  does  14,668^  express  the  full  annual  mean  of  the  variations. 
In  order  to  obtain  these  elements  with  perfect  exactness,  we  should 
not  confine  our  observations  to  the  dally  maximum  and  minimum ; 
but  all  the  oscillations  that  occur  during  any  period  of  time  should 
either  be  marked  and  recorded  by  an  unbroken  series  of  observers, 
or  by  a  self-registering  instrument,  and  the  true  sum  and  mean  of 
the  thermal  variations  can  then  be  readily  obtained.  Just  as  in  order 
to  ascertain  the  contour  of  a  rolling  and  rising  tract  of  country  be- 
tween two  assumed  stations,  we  should  measure  the  extent  of  the 
successive  elevations  and  depressions,  and  not  content  ourselves  with 


*  The  hi|hest  temperature  during  the  period  of  observation  occurred  on  the 
17ih  of  June  1848,  when  the  thermometer  stood  at  90,70^ ;  and  the  lowest  took 
place  on  the  12th  of  January  1849,  the  oolumn  standing  at  6,87^  below  cero. 
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simply  determining  the  difference  in  the  height  of  the  two  stations. 
For  this  reason,  the  preceding  results  are  to  be  regarded  as  the 
lowest  numerical  expressions  for  the  elements  they  respectively 
represent. 

I  cannot,  in  this  connection,  refrain  from  remarking  that  the 
subject  of  the  range  of  variation  in  atmospheric  temperature  seems 
as  yet  not  to  have  received  that  attention  which  it  deserves.  I  might 
speak  of  its  importance  in  several  respects,  but  will  allude  only  to 
one  particular. 

Within  a  few  years,  the  medical  faculty  have  been  led  to  investi- 
gate the  connection  between  human  life  and  health,  and  certain  condi- 
tions of  the  atmosphere ;  and  Prof.  Caspar  of  Berlin  has  shown,  from 
a  most  extensive  research  involving  immense  labor,  that  the  life  and 
health  of  man  is  intimately  affected  by  the  temperature,  elasticity, 
and  hygrometric  state  of  the  atmosphere.  He  finds  that  there  is  no 
condition  of  the  atmosphere  which  influences  health  so  much  as 
temperature ;  and  that  extremes  of  temperature,  whether  high  or 
low,  are  eminently  destructive  of  life.  Are  we  then  to  infer  that  every 
thermal  fluctuation  above  or  below  the  mean  weakens  the  silver  cord 
of  life ;  or  that  these  changes  of  temperature  strengthen  and  in- 
vigorate the  frame  when  of  moderate  extent,  but  become  injurious 
only  in  their  excess  1  If  the  latter  view  is  correct,  what  is  the  limit? 
At  what  point  do  these  oscillations  cease  to  be  beneficial  and  become 
injurious ;  and  does  this  point  (if  it  exists)  vary  with  respect  to  age, 
sex,  and  condition  ?  To  answer  these  and  other  kindred  questions 
equally  interesting  and  important,  opens  a  vast  field  of  labor,  which 
I  trust  will  not  be  neglected. 


39.  On  the  QuANrmr  of  Rain  at  different  Heights,  from 
Observations  hade  at  the  Institution  for  the  Deaf  and 
Dumb,  New- York  City.    By  Prof.  O.  W.  Morris. 

A  FEW  years  since,  some  notes  on  the  quantity  of  rain  that  fell  during 
a  period  of  sixteen  months,  were  published,  with  a  hope  that  other 
observers  in  this  country  would  make  observations  to  illustrate  the 
same  subject,  and  aid  in  arriving  at  some  satisfactory  conclusion  on 
it.  I  have  waited  in  vain  for  something  of  the  kind  from  my  fellow- 
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laborers  in  meteorology,  and  now  g^ye  the  results  of  farther  ob- 
serrations,  without,  howeyer,  offering  any  conclusions ;  leaving  it 
for  some  more  favorable  time  and  more  competent  person,  when  an 
extended  series,  embracing  a  great  variety  of  climate  and  attendant 
circumstances,  may  afford  better  data  than  are  within  reach  at  the 
present  time. 

The  time  embraced  in  the  present  series  is  from  January  1, 1846, 
to  December  31,  1850,  a  period  of  ^ve  years.  There  are,  however, 
a  few  deficiencies  for  the  months  of  July  and  August  in  the  years 
1847  and  1848,  that  render  the  true  average  of  these  months  im- 
perfect. 

The  results  are  arranged  as  follows  : 

I.  The  quantity,  difference  and  average  for  each  month,  and  per  year, 
n.  do  do  do        for  each  season. 

I£L  do  do  do        for  the  six  wannest  and  the  six  ooldest 

months. 
rV.  do  do  do        for  the  warmest  A  the  ooldest  month. 

V.  The  greatest  and  the  least  quantities  in  one  month. 
YL  The  greatest  and  the  least  differences  in  one  month. 
YU.  The  particular  year  and  month  in  which  the  greatest  quantity  fell  in  the 

five  years. 
Yni.  The  year  and  month  in  which  the  least  quantity  felL 


I.  MOHTH. 

Upper  Gage. 

Lower  Osge. 

DiArenoe. 

Avenge. 

January 

February 

March 

14,145 
21,850 
18,146 
6.000 
21,662 
18,005 
16,190 
10,720 
16,840 
16,885 
18,122 
17,220 

17,781 
24,460 
22,685 
8,026 
26,029 
28.886 
19,240 
12,770 
18,980 
19,440 
20,846 
22,460 

8.686 
2.110 
4,490 
2.026 
4,467 
6,880 
4,060 
2,060 
8,090 
8,606 
7,288 
6,240 

.717 

.522 

.898 

,406 

.898 

1,160 

,810 

.410 

,618 

.721 

1.466 

1.048 

April 

May   

June 

July   

J    ••••• 

August 

September 

October   

November 

December 

Total  

Average  per  year, 
do         month, 

n.  SDrinir 

187,134 
87,426+ 
8,118+ 

45,707 
48,915 
88,287 
62,715 

87.817 
98,257 

284,900 

46,980 

8.916 

56.689 
66,846 
61,110 
68,651 

108,829 
118,466 

47,776 
9,668+ 
.796+ 

10.982 
11.980 
12.878 
10.986 

21,612 
25.209 

9.668 
,806 

8,666 
8,976 
4.291 
8.646 

8,686 
4,201 

Bummer 

Autumn 

Winter 

m  Six  wannest 

Six  coldest 
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lY.  Warmest  month . 
Coldest  month  . . 


Difference 


y.  Greatest  quantity, 
Least  quantity   . . 


Difference 


Upper  Oage. 


16,190 
14,145 


18,005 
6,000 


Lower  Oage. 


19,240 
17,781 


28,885 
8,025 


DUbnmoe* 


4,050  in  July. 
8,536  in  January. 


,464 

5,880  in  June. 
2,025  in  April 


8,805 


YL  Greatest  difference,  7,228  in  Kovember. 
Least  do  2,025  in  April 


Difference. ...  5,198. 

Yn.  Greatest  quantity  in  one  month,  9,750  in  May  1846. 

Greatest  mfference  do  2,025  in  NoTcmber  1846. 

YUl.  Least  quantity  in  one  month,  0,650  in  January  1849. 
Least  (nfference  '  .    -  .  . 


do 


0,040  in  October  1850. 


The  gages  are  the  conical  gages  formerly  used  by  the  academies 
in  this  State.  The  lower  one  is  five  feet  above  the  surface  of  the 
ground ;  the  upper,  seventy-one  feet  above,  on  the  roof  of  the  in-* 
stitution. 


40.    On  Ocean  Temperatures.     By  Lieut.  M.  F.  Maurt,  Super- 
intendent U.  S.  National  Observatory. 

[  Not  received,] 


41.  A  Comparison  of  the  Apparent  Diurnal  Laws  of  tbe 
Lrregtilar  Fluctuations  of  the  Maonetical  Elements,  at 
THE  Stations  of  Observation  in  North  America.  By  Capt. 
J.  H.  Lefrot,  Royal  Artillery,  F.  R.  S. ,  Director  of  H.  M. 
Magnetical  Observatory  at  Toronto,  Canada. 

One  of  the  principal  objects  proposed  by  Baron  Alex.  Humboldt,  in 
the  great  scheme  of  concerted  magnetical  observation  originated  by 
him  in  1828,  was  to  examine  those  **  eccentricities  of  the  needle,  of 
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**  which  a  certain  periodicity  had  been  affirmed  by  M.  Rupffer,  and 
"  which  appeared  to  Baron  Humboldt  to  be  the  effect  of  a  reaction 
"  from  the  interior  towards  the  surface  of  the  globe  ;  as  he  ventured 
'*  to  say,  o£ magnetic  storms^  indicating  a  rapid  change  of  tension*." 
He  referred  particularly  to  oscillations  which  were  frequently  re- 
peated at  the  same  hours  before  sunrise.  In  the  great  extension  of 
that  scheme  of  observation  which  resulted  from  his  memorable  letter 
to  H.  R.  H.  the  Duke  of  Sussex  in  1836,  although  the  recent  dis- 
coveries connected  with  the  irregular  variations  of  the  magnetic 
declination  are  referred  tot  as  giving  to  that  class  of  changes  a 
prominent  interest,  their  periodicity  does  not  appear  to  have  been 
particularly  kept  in  view  :  on  the  contrary,  they  are  classed  as  "  the 
"  irregular  variations,  or  those  which  apparently  obseiTO  no  law." 
The  distinguished  Superintendent  of  the  British  Colonial  Observa- 
tories, however,  at  once  recognized  the  importance  of  making  a 
distinction  between  the  effects  of  the  two  distinct  and  probably  very 
different  influences  which,  under  the  denominations  of  regular  and 
irregular,  are  combined  in  the  diurnal  and  annual  changes  actually 
presented  by  observation.  In  Col.  Sabine's  first  offi^nal  publication, 
the  "Observations  on  days  of  unusual  disturbance"  (part  1,  1843), 
he  examined  the  observations  of  the  year  1841  at  Toronto  and 
Hobarton,  by  a  method  of  his  own,  for  the  purpose  of  assigning 
precisely  the  relative  degree  to  which  the  elements  of  declination 
and  horizontal  force  are  subject  to  disturbance  at  each  hour  of  the 
twenty-four.  As  regards  the  latter,  the  observations  of  that  particular 
year  furnished  no  very  definite  result.  As  regards  the  declination* 
however,  the  observations  at  Toronto  and  Hobarton  agreed  in 
showing  that  its  mean  irregular  fluctuation  is  considerably  greater 
during  the  night  than  during  the  day,  and  has  a  well  marked  epoch 
of  maximum  value,  which  was  found  to  be  from  8**  to  10**  p.  m.  at 
Toronto,  and  from  9*'  to  \Z^  p.  m.  at  Hobarton  (the  even  Gottingen 
hours  being  taken  at  both  stations,  the  intervals  correspond  to  dif- 
ferent periods  of  mean  time).  The  former  of  these  is  the  period  for 
which  M.  Kreil  had  also  found  the  greatest  liability  to  disturbance 
at  Milan  and  Prague  (1838  -  40)| ;  and  both  Dr.  Lloyd  and  Mr. 

♦  Proceedings  of  the  Royal  Society,  VoL  iji,  p.  418. 

f  Report  of  the  Joint  Committee  of  Physios  and  Meteorology,  made  to  the 
Council  of  the  Royal  Society,  1839. 
X  Letters  to  M.  Kupffer  and  CoL  Sabine.    PhU.  Hag.  1840,  pp.  241  -  41& 
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Bjx>an  have  aniYed  at  very  similar  resnles,  from  their  discussion  of 
the  observations  at  Dublin  and  Makerstown  respectively.  We  are 
therefore  warranted  in  assuming  as  the  result  of  aU  the  observations 
discussed  heretofore,  in  reference  to  this  class  of  influences,  first,  that 
the  declination  has  only  one  principal  epoch  or  maximum  of  mean 
disturbance  ;  secondly,  that  this  occurs  everywhere  at  about  10  p.m. 
of  local  mean  time.  The  object  <^  this  paper  is  to  point  out  that  the 
diurnal  law  thus  stated  undergoes  a  remarkable  modification  on  this 
continent,  in  more  northern  latitudes;  and  that  in  any  physical 
explanation  of  the  ph^iomenon,  it  will  be  necessary  to  account  for 
two  instead  of  only  one  diurnal  period  of  maximtun  mean  disturb- 
ance. 

Various  methods  have  been  practised  of  eliminating  from  the  first 
results  of  observation,  that  part  of  the  changes  which  is  to  be  re^ 
garded  as  a  function  of  the  solar  time,  and  classed  as  regular  ;  as  well 
as  of  determining  the  mean  value  of  the  remaining  or  irregular  effects. 
In  the  investigation  of  Col.  Sabine  above  referred  to,  the  difierences 
were  first  taken  between  the  arithmetical  mean  of  all  the  observations 
under  each  hour,  and  each  of  those  observations  individually ;  the 
difference  between  the  value  of  the  remainders  for  two  successive 
observation  hours,  was  regarded  as  the  irregular  Jluctuatian  between 
those  hours  ;  and  the  square  root  of  the  mean  of  the  squares  of  these 
second  differences,  for  each  interval,  is  what  is  called  the  mean  tr- 
regular  Jluctuatian  for  that  interval*  The  present  results  have  been 
obtained  by  the  less  laborious  method  adopted  by  Dr.  Lloyd,  which 
consists  in  squaring  the  first  differences  (Adz),  and  regarding  the 

square  root  of  the  mean  of  these  squares  (</zi r  j  as  the  mean 

disturbance  of  the  elements  for  ^e  hour,  in  analogy  with  what  are 
called  mean  errors  of  observation. 

The  following  table  contains  the  value  of  the  mean  disturbance 
of  the  declination  for  each  hour  of  the  day  and  night>  at  Toronto, 
Sitka,  and  Fort  Chipewyan  on  Lake  Athabasca,  in  Lat.  58^  43', 
Long,  from  Greenwich  7^  25,2"*  W.  The  period  of  observation 
compared  is  the  winter  of  1843  -  4,  from  October  to  February  in- 
clusive; and  as  the  observations  were  made  at  the  hours  of  G6ttingen 
mean  time  at  all  the  stations,  they  were  practically  simultaneous. 
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TABLE  L 
Mean  disturbance  of  the  declination^  Oetober  -  Febroarj. 


Local 

Tofonlo. 

Aitktn 

Lake 

Locd 

Tcrooto. 

Sitka. 

Lak« 

meaottnie. 

nhMBttlM. 

Atliahwca 

Midnight 

l',72 

4',  36 

8',6 

Noon 

l',6l 

2',67 

13 

1,8S 

4,18 

«,» 

1 

1,64 

2,65 

14 

1,60 

3,62 

8,6 

2 

1,84 

2,20 

16 

1,69 

2,97 

7,4 

1,71 

2,14 

16 

1,62 

2,92 

11,0 

1,81 

1.96 

17 

1,67 

2,84 

16,2* 

1,86 

1.81 

18 

1,75 

2.76 

10,6 

1,02 

1,90 

19 

1,29 

2,82 

8,6 

0.84 

8,09 

20 

1,82 

2,88 

6,6 

1,68 

2,47 

21 

1,89 

2,80 

4.6 

2,16 

2,61 

22 

1,62 

8,10 

6,1 

10 

2,72 

8,48 

10,2 

28 

1,68 

2,79 

1M 

11 

2.27 

8.82 

9.7 

In  the  next  table,  the  same  two  stations  are  compared  with  Fort 
Simpson,  on  M'Kenzie's  river,  in  latitude  61**  52',  long,  tf*  5"  W. 
The  period  of  observation  compared  is  here  the  months  of  April  and 
May.  1844 ;  embracing,  however,  onlj  46  observation  days  at  the 
most  northern  station,  but  the  full  number  at  the  others.  Sundays 
are  included  at  Sitka  in  both  cases. 

TABLE  n. 
Mean  diatnrbanoe  of  declination,  April  -  May  1844. 


Local 

Toronto. 

afft^. 

Fort 

Local 

Toronta 

Sitka. 

Fort 

meantime. 

Sfanpaon. 

meantime. 

Blmpaon. 

Bfidnight 

2',89 

6',18 

14',6 

Noon 

2',06 

2',58 

8'.0 

18 

8,16 

6,67 

11,7 

1 

1,84 

2,22 

4.6 

14 

8,88 

6,42 

16,8 

2 

i,n 

2,81 

7,0 

16 

4,62 

8,01 

22,2 

8 

1,66 

2,81 

6.8 

16 

8,77 

8,92 

17,8 

4 

1,68 

2,36 

6.2 

17 

2,42 

6,08 

26.6 

6 

1.88 

2,96 

7,4 

18 

2.48 

8,60 

22,9 

6 

2,04 

4,08 

8,1 

19 

8,97 

2,69 

22,8 

7 

2,78 

4.16 

8,8 

20 

2,91 

2,49 

19,7 

8 

2,29 

2,91 

12,8 

21 

2,16 

2,10 

12,0 

9 

2,94 

8,61 

16,4 

22 

2,08 

2,46 

12,2 

10 

4,68 

8,90 

18,1 

28 

2,24 

2.67 

6,2 

U 

2.78 

8.68 

9,2 

*  By  omitting  one  observation  on  Jannary  26'  l^  06tt,  when  the  extreme 
point  of  a  great  movement  happened  to  coincide  with  the  regular  hour  of  ob- 
servation, this  value  ib  reduced  to  10,6'. 

f  By  omitting  a  similar  extreme  observation  on  February  2^  7^  GOtt,  this 
valae  is  reduced  to  6^7'. 
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The  obvervarioiiB  at  Toronto  mrete  taken  S}"^  after  the  boars  named; 

those  at  ^tka,  28"  after;  those  at  Lake  Atteabasca,  S^  after;  and 

those  at  Fort  Simpson,  IS^  before  the  hours  named. 

It  is  not  to  be  expected  that  the  observations  of  periods  so  short 

as  five  months  and  two  months,  should  exhibit  the  diurnal  law  of 

mean  disturbance  wtdi  much  regularity,  unless  at  stations  peculiarly 

liable  to  that  effidct.  Lake  Athabasca  and  Fort  Simpson  are  such 

stations,  and  here  the  law  is  strongly  marked  :  the  corresponding 

periods  at  the  other  stations  are  introduced  for  strict  comparison  ; 

but  we  must  take  a  longer  period,  as  in  the  next  table,  to  which  I 

have  added  Philadelphia*,  to  make  their  characteristics  in  this  re* 

spect  ftiUy  evident. 

TABLE  m 

Mean  disturbftnee  of  the  declination  for  twelve  montlis  at  Philadelphia  and  Sitka, 
and  for  two  years  at  Toronto ;  to  which  are  added  for  comparison,  the  ooN 
responding  values  given  by  Dr.  Lloyd  for  the  year  1843,  from  the  obaerya- 
tions  at  DnbHnf . 


Locml 
meantime. 

Dnblhu. 

PhUadeL 

Toronta 

Sitka. 

1848. 

1844 

Midnight 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Xoon 

1 

2 

S 

4 

6 

S 

1 

8 

9 

10 

11 

-  .i 

2',81 

"2,'62"' 

"i,*98'* 
"i,*89** 

**2;i7"* 
"2,*ii** 

"iM" 
"sill" 

**4,'o7  * 

2',22 
2.10 
2,29 
2,29 
1,91 
2,10 
2,06 
2,20 
2,00 
2,19 
1,91 
1,93 
1,81 
1,65 
1,76 
1,77 
l,n 
1,67 
1,62 
1,86 
2,62 
2,61 
2,59 
1.88 

l',78 
2,06 
1,91 
1,92 
1,83 
2,17 
2,25 
1,82 
1,67 
1,98 
1,91 
1,85 
1,93 
1,83 
1,66 
1,70 
1,88 
1,78 
2,05 
1,87 
2,56 
2,48 
2,44 
2»82 

3',08 
2,72 
2,62 
2,89 
2,85 
2,72 
2.58 
8,08 
2,28 
2,07 
2,08 
2,14 
1,88 
1,80 
1,92 
1,88 
1,76 
1,96 
1,87 
1.95 
8,35 
3,56 
8,88 
2,88 

4'.57 
4,95 
4,07 
4,85 
4,93 
8,51 
8,03 
2,86 
2,91 
2,66 
8,14 
2,83 
2,60 
2,40 
2,22 
2,38 
2,45 
2,52 
2,71 
8,82 
4.50 
4,05 
4,42 
8,67 

*  Bfag&etteal  and  metaorologieAl  oheerrations  at  Oirard  Cbllege,  by  Dr.  A.  IX 
Baohi^  1840  -  1845* 
f  TransactioBa  of  the  Royal  Irish  Academy,  YoL  zzii,  part  1. 
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The  year  1843  was  selected  by  Dr.  Lloyd  for  diis  inyeatigation,  on 
account  of  its  freedom  from  great  disturbances  :  "  on  the  groands 
**  that  the  number  which  denotes  the  frequency  of  the  irregular 
**  changes,  in  consequence,  bearing  a  larger  proportion  to  that  which 
"  denotes  their  magnitude,  any  regular  law  to  which  they  are  subject 
*<  will  be  more  readily  apparent."  The  observaticms  of  1843  at  To- 
ronto, as  compared  with  those  of  the  following  year,  show  that  this 
absence  of  disturbance  was  equally  characteristic  at  that  station* 
The  observations  at  Philadelphia  and  Sitka  belong  principally  to  the 
year  1844,  the  period  examined  being  the  twelve  months  commencing 
October  1843. 

It  appears  by  the  foregoing  table,  that  at  each  of  the  American 
stations  the  mean  disturbance  of  the  declination  has  its  lowest  value 
in  the  afternoon,  and  that  this  is  succeeded  by  a  maximum  at  9  or 
10  p.  M.  So  for,  therefore,  the  diurnal  law  at  all  the  stations  agrees 
with  that  deduced  by  Dr.  Lloyd  from  his  own  observations,  namely, 
that  **  during  the  day,  i.  e.  from  6  a.  m.  to  6  p.  h.,  the  mean  distur- 
**  banco  is  nearly  constant  :  at  6  p.  m.  it  begins  to  increase,  and  ar- 
**  rives  at  a  maximum  a  little  after  10  p.  m."  When,  however*  Dr. 
Lloyd  proceeds  to  state,  « it  then  decreases  with  the  same  regular- 
*'  ity,  and  arrives  at  its  constant  day  value  at  about  6  a.  m.,"  he 
describes  a  feature  which  is  evidently  not  characteristic  of  all  the 
stations,  and  is  more  completely  wanting  as  we  proceed  to  the  north* 

The  following  are  the  arithmetical  means  of  the  values  for  each 
quadrant  of  the  twenty-four  hours  : 

TABLE  IV. 


HidiLtoS.B.m. 

6tollB.m. 

Noon  to  6 !».  m. 

6]>.m.tomidiL 

Dublin 

2*,60 
2,16 
2,11 
2,80 
4,40 

l',92 
2,06 
1,91 
2,36 
2,90 

2M4 
1,78 
1,78 
1,86 
2,48 

8',82 
2,18 
2,28 
2,83 
3,86 

Philadelphia  ... 
Toronto]    \^: 
Sitka 

It  will  be  seen  that  at  Philadelphia  and  Toronto,  the  mean  value 
from  midnight  to  5  a.  m.  is  somewhat  less  than  in  the  quadrant  pre- 
ceding midnight ;  but  the  difference  is  materially  less  in  proportion 
than  at  Dublin  :  at  Sitka,  the  highest  value  is  after  midnight.  Ar- 
ranging in  like  manner  the  values  for  the  shorter  periods  in  Tables 
I  and  II,  we  find  the  same  general  law,  but  with  a  greater  excess 
after  midnight  at  Lake  Athabasca  than  at  Sitka,  and  a  yet  greater 
at  Fort  Simpson  than  at  Lake  Athabasca. 
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TABLET. 

Mean  diatnrbanoe  of  deolinatioD,  October  1848  to  February  1844 


MldxLto  6  a.m. 

6  to  11  a.  m. 

Noon  to  6  p.  m. 

6  p.  m.  to  mldn. 

Toronto 

Sitka 

Lake  Athabasca, 

l',6'7 
8,48 
9,38 

i',e6 

2,86 
6,88 

l',64 
2,22 
4,40 

i^^e 

2,79 
6,48 

TABLE  VI. 
Mean  disturbance  of  declination,  April  and  May  1844 

Mldn.to6B.iiL 

6toUa.m. 

Koon  to  6  pu  m. 

6  p.  m.  to  midn. 

Toronto 

Sitka 

8',45 

6,58 

17,85 

2',68 

2,66 

15,88 

l',Y9 
2.64 
,668 

2',89 

8,68 

11,16 

Fort  Simpson  . . . 

The  observations  of  April  and  May  at  Sitka  include  nine  days  wbich 
were  not  days  of  observation  at  Toronto,  and  fourteen  wbich  were 
not  days  of  observation  at  Fort  Simpson,  where  there  were  also 
a  few  omissions  in  the  sixhourly  period  commencing  at  midnight : 
this  may  account  for  the  somewhat  lower  relative  value  in  that  qua- 
drant as  compared  with  the  one  preceding  it,  at  the  latter  station, 
than  at  Sitka. 

The  above  comparison  exhibits  a  marked  difference  in  the  state 
cxf  disturbance  prevailing  after  midnight  at  Sitka,  Lake  Athabasca 
and  Fort  Simpson,  as  compared  with  the  lower  stations.  Of  the  six 
hours  preceding  midnight,  however,  only  9^,  lO**  and  11^  are  dis- 
tinguished for  a  high  value  of  this  quantity  at  any  of  the  stations  :  it 
will  perhaps  be  better  therefore  to  compare  these  three  hours  with 
3^,  4^  and  5^  a.  m.  particularly ;  hours  to  which  no  prominent  interest 
was  assigned  by  any  of  the  authorities  quoted  above.  I  have  here 

taken,  in  each  instance  except  Dublin,  the  value  of  y/^^  ^ :  it  is 

also  necessary  to  substitute  at  Dublin  some  of  the  values  of  1843  for 
the  corresponding  months  of  1844  ;  but  this  will  not  affect  the  com- 
parison. Taking  the  same  periods  at  all  the  stations,  we  have  the 
ibllovring  results  : 
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TABLE  VII. 


TWO  6PBIXO  Moitma. 

•  -11p.m. 

8-6a.m. 

»-ni>.m. 

8-5B.m. 

Dublin 

Philadelphia  . . . 

Toronto  

Sitka 

2',70 
1,86 
2,86 
8,10 
8,89 

l',76 
1,47 
1,69 
2,80 
11,68 

6',27 
2.17 
8^61 
3,48 

12,89 

2',71 
2,4« 
4,17 
7,60 

21.57 

Lake  Athabasca, 
Fort  Simjwon  . . . 

Again  :  for  the  whole  year,  we  have 
TABLE  Vm 


9-llp.B. 

8-6B.in. 

Dublin 

8',77 
2,38 
2,89 
8,18 
4,19 

2'.84 
2,11 
1,98 
2,82 
4,28 

Afll,61 
1,18 
1,21 
1,11 

0,97 

Philadelphia. . . . 
Toronto]    |«^; 
Sitka 

The  highest  values  would  be  given  at  Sitka  by  the  hours  12*,  1\  2* 
A.  H.  both  in  the  winter  period  and  on  the  whole  year,  and  by  2S  #, 
4*  ▲.  M.  in  the  two  spring  months,  which  appears  to  show  an  earlier 
epoch  for  the  second  reaction  than  at  the  other  two  northern  stations ; 
but  probably  the  reduction  of  another  year's  observations,  at  least, 
will  be  necessary  to  determine  this  point. 

It  appears  then  that  while  at  Philadelphia  and  Toronto,  as  at 
Dublin,  the  mean  disturbance  of  the  declination  presents  but  one 
maximum,  which  occurs  at  9  or  10  p.  m.  ;  yet  there  is  not,  even  at 
these  stations,  a  complete  agreement.  At  Dublin,  the  value  decreases 
regularly  after  11  p.  m.;  at  Philadelphia  and  Toronto,  it  decreases 
to  a  materially  less  degree.  Proceeding  to  Sitka,  we  find  a  maximum 
about  the  same  hour,  but  it  is  succeeded  by  another  at  1  a.  m.,  and 
the  average  value  is  somewhat  greater  for  the  hours  succeeding  than 
fbr  those  preceding  midnight.  At  Lake  Athabasca,  we  have  still  a 
maximum  about  10  p.  m.,  but  it  is  decidedly  inferior  to  a  second 
maximum  at  5  a.  m.  or  thereabouts.  Lastly,  at  Fort  Simpson,  without 
losing  the  first  maximum,  we  find  it  exceeded  in  a  still  higher  ratio 
by  the  second.  Hence  we  are  led  to  the  conclusion  that,  as  regards 
the  declination,  there  are  two  classes  of  irregular  influences,  or  two 
reactions  during  the  night,  succeeding  the  regular  influences  which 
have  acted  during  the  day.  Of  these,  the  one  which  produces  a  ma» 
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ximmn  vahie  of  disturbance  at  9  or  10  p.  m.  appears  to  be  universal, 
but  18  nowbere  important  enougb  to  modify  in  any  marked  degree 
the  character  of  the  mean  ^timal  curves  of  this  element,  which  is 
chiefly  impressed,  at  all  save  the  most  northern  stations,  by  the  direct 
or  regular  action  of  the  day.  The  other  class,  or  that  which  produces 
a  second  maximum  of  disturbance  afVer  midnight,  is  not  universal, 
but  comes  into  operation,  on  the  American  continent,  more  and  more 
effectively  as  we  approach  the  magnetic  pole  ;  until  at  last,  as  will 
be  seen  by  the  accompanying  diagrams,  its  energy  is  such  as  to  mask 
the  effect  of  the  more  feeble  regular  influences,  and  to  determine 
almost  entirely  the  apparent  character  of  the  mean  diurnal  changes. 

I  have  hitherto  referred  to  the  disturbance  ci  &e  declination 
alone,  that  being  the  element  which  has  been  most  generally  studied* 
and  which  alone  has  given  a  marked  maximum  of  disturbance  at  9^ 
or  10^  p.  M.  The  horizontal  force  and  the  inclination,  at  Lake  Atha- 
basca and  Fort  Simpson,  equally  support  the  conclusion  that  the 
causes  producing  disturbance  at  these  stations  come  into  operation 
chiefly  towards  morning,  and  concur  in  showing  4^  or^d**  a.  m.  to  be 
the  period  of  their  greatest  effect.  The  result  is  that  the  principal 
inflexion  in  the  mean  diurnal  curve  for  each  element  occurs  at  that 
hour  also,  giving  to  these  curves  an  apparent  character  differing 
most  remarkably  from  those  described  elsewhere. 

In  the  accompanying  plate,  I  have  laid  down  the  simultaneous 
mean  diurnal  curves  for  the  three  elements  at  Lake  Athabasca  and 
Toronto,  for  the  five  months  October  1843  -  February  1844  :  it  will 
.  be  seen  that  so  completely  are  the  regular  changes  at  the  northern 
stations  subordinate  to  tbe  irregular,  that  the  effect  of  the  former  is 
not  easily  recognized  at  all.  By  omitting  all  the  days  on  which 
disturbances  were  observed,  amounting  to  about  three  fifths  of  the 
whole  number,  it  was,  however,  found  that  a  considerably  greater 
degree  of  correspondence  could  be  distinguished ;  the  great  inflec- 
tions, at  3,  4,  5  A.  H.  were  materially  reduced,  and  a  greater  promi- 
nence given  to  the  inflections  at  midday.  Hence  it  appears  probable 
that  if  we  could  eliminate  the  effects  of  the  disturbances,  or  of  the 
influences  classed  as  irregular,  entirely,  there  would  be  little  other 
difference  in  the  remaining  curves,  than  must  be  expected  to  result 
from  the  great  difference  in  the  length  of  the  day  and  night  at  these 
two  stations. 

The  two  months  observations  at  Fort  Simpson  give  remarkablj 


Digitized  by 


Google 


184 


A.  BSATHBMATICS   AND  FHT8I08. 


mmilar  curves  to  those  at  Lake  Athabasca,  and  even  exaggerate 
their  peculiar  features,  namely,  the  inflections  at  3  -  5  a.  m .,  and  the 
siuji^lar  prolongation  of  a  high  value  of  the  horizontal  force  to  a 
late  hour. 

It  can  scarcely  be  necessary  to  point  out  the  great  comparative 
amount  of  the  mean  disturbance  shown  at  the  two  most  northern 
stations.  At  Fort  Simpson  this  may  be  in  some  slight  degree  artifi- 
ciali  the  result  of  a  change  in  the  mean  scale  readings ;  but  such 
cannot  be  the  case  to  any  material  extent,  as  steps  were  taken  to 
eliminate  that  change  before  this  calculation,  as  is  shown  at  large  in 
the  account  of  the  observations  at  these  stations.  The  effect  of  this 
greater  prevalence  of  disturbance  is  strikingly  shown  in  the  great 
amount  of  the  mean  daily  range  of  the  elements.  Taking  the  differ- 
ence between  the  highest  and  lowest  scale  reading  of  each  day  for 

the  daily  range,  and  \/^^^  ^  for  the  mean  daily  range,  we  have 

the  following  remarkable  series  : 

TABLE  IX. 


TWO  BPEiifO  Monms. 

Soiiaontal  ftHToe. 

DedimUloo. 

At  Philadelphia, 

Toronto 

Sitka 

Lake  Athabasca, 
Fort  Simpeon  . . . 

7',l 

9,8 
80,4 

,00182x 
,00242x 
,00880x 
,02768x 

n',4 

HO 
18,2 

68,1 

,00157x 
,00857x 
,00444x 

,04l82x 

Bearing  in  mind  that  Sitka,  which  differs  so  widely  from  Fort  Simp- 
son and  agrees  so  nearly  with  Toronto,  is  460  geographical  miles 
distant  from  the  former  and  2250  from  the  latter*,  we  have  here  a 
striking  proof  how  little  magnetical  phenomena  are  governed  by 
geographical  relations. 

There  is  one  other  circumstance  connected  with  the  disturbance 
of  the  decHnation,  which  I  cannot  forbear  to  mention,  although  it 

•  Sitka  :  Latitade  57^  8';  longitude  9^  2,2""  W.  from  Greenwich.  It  maybe 
neceflsary  to  mentiog  that  the  nnifilar  magnets  at  Philadelphia  and  Sitka  were  of 
ft  feet  in  lengA ;  at  Toronto^  of  14  inches ;  and  at  the  two  northern  atationi^  of 
8  JBoh^B  only.  The  effect  of  the  dimenaiona  of  magnets  npon  the  amount  of  their 
movement!^  and  npon  the  mean  dinmal  corves  deduoed  from  those  movement^ 
U  a  fobject  which  requires  farther  investigatioii. 
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not  immediately  belong  to  the  subject  of  this  paper.  I  mean 
emarkable  influence  of  the  seasons  upon  the  mean  diurnal  curve 
is  quantity;  t^e  great  augmentation  which  the  principal  maxi- 
.  receives  at  the  time  of  the  equinoxes,  and  the  much  lower 
IS  which  prevail  at  both  the  solstices.  In  the  next  table  are  shown 
mlues  of  the  mean  disturbance  of  declination  at  Philadelphia, 
I  and  Toronto, for  one  year,  according  the  astronomical  seasons*. 
I  February,  March,  April,  form  the  group  for  the  vernal  equi- 

and  so  on  :  each  quantity  is  the  value  of  k/z1 / ;  the  whole 

ced  to  arc.    (See  Table  X.) 

Ithough  it  would  be  improper  to  unite  in  one  mean  seasons  so 
milar  as  midwinter  and  midsummer,  it  will  be  remarked  that 
differ  much  less  than  might  have  been  expected ;  and  that  the 
rence  in  the  epoch  of  greatest  mean  disturbance  is  very  small,  in 
K>rtion  to  the  difference  in  the  leugth  of  the  day  at  these  seasons. 
<  means  for  the  year  have  been  already  given. 
i  seems  natural  to  connect  this  remarkable  prevalence  of  dis- 
tance at  the  equinoxes  with  the  well  known  fact  that  the  aurora 
tolis  is  most  developed  at  the  same  seasons.  I  do  not  mean  to 
sr  one  fact  as  explaining  or  accounting  directly  for  the  other ;  but 
leving  the  latter  to  be  an  entirely  atmospheric  phenomenon,  sub- 
t  to  periodic  laws,  both  diurnal  and  annual,  to  suggest  that  both 
gr  be  related  to  a  common  cause.  The  magnetical  phenomena  seem 
jshow  that  there  are  two  classes  of  forces,  characterized  by  de- 
xnining  the  equatorial  end  of  a  magnet  to  the  east  and  west  re- 
^Jtively,  and  that  these  are  severally  brought  into  operation  by  the 
^nce  and  absence  of  the  sun  above  the  horizon  :  when  these 
cces  are  nearly  balanced,  owing  to  the  equal  length  of  day  and 
ght,  or  his  position  near  the  equator,  then  disturbances  prevail ; 
fcen  either  of  them  greatly  preponderates,  as  happens  alternately 
%  winter  and  sununer,  there  is  a  less  disposition  to  disturbance.  As 
^ards  the  elements  of  magnetism,  the  whole  diurnal  change  then 
brives  its  peculiar  character  principally  from  the  forces  proper  to 
^e  day  or  night,  as  the  case  may  be  :  as  regards  the  aurora,  con- 


This  arrangement  was  adopted  after  actual  trial  of  the  more  usual  dlyision 
i<i«ording  to  meteorological  seasons,  which  did  not  exhibit  the  charactexiBtio 
•Mighty  in  sueh  strong  contrast 
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ndered  as  a  Tisible  electric  discharge,  it  would  seem  an  infaranoe 
that  the  causes  producing  it  are  diminished  by  the  same  circumstance. 
In  the  foregoing  tables,  the  differences  have  been  summed  without 
regard  to  their  direction  or  sign.  If  we  sum  separalel  j  the  squares 
of  the  diflferences  which  have  the  +  and  —  signs,  or  which  indicate 
deviations  to  the  east  and  west  of  the  supposed  mean  position  for 
the  hour,  it  is  found  tixat  at  every  season,  and  at  each  of  the  stations, 
the  maximum  of  mean  disturbance  at  9^  or  lO*^  p.  m.  is  the  result  ci 
easterly  movements.  Such  is  also  the  case  with  the  maximum  at  5 
A.  M.  at  the  two  most  northern  stations.  The  westerly  means,  on  the 
contrary,  are  the  largest  during  the  day ;  and  there  are  indications 
of  a  maximum  value  under  this  sign  at  6  or  7  a.  m.,  but  less  regular, 
and  apparently  more  affected  by  the  seasons  than  the  other. 

EXPLANATION  OF  THE  PLATE. 

The  mean  diurnal  curve  of  declination  at  both  stations  for  the  five  months 
compared,  is  laid  down  on  a  scale  of  10,0'  to  one  inch  :  that  of  the  horixontal 
force  at  I^ake  Atliabasca,  upon  a  scale  of  ,00341+  to  one  inch;  the  same  at 
Toronto,  on  a  scale  twice  as  large,  or  ,00171  to  an  inch. 

The  curve  of  inclination  at  Lake  Athabasca,  from  the  scale  readings  of  the 
induction  inclinometer,  is  on  a  scale  of  0,68'  to  an  inch,  being  in  proportioo  to 
that  of  the  horizontal  force.  The  corresponding  curve  at  Toronto  is  on  a  scale  of 
0,1 5r  to  an  inch,  which  is  also  in  proportion  to  that  of  the  horizontal  force  at  the 
same  station ;  but  the  yalnes  laid  down  are  from  the  mean  scale  readings  (for  tbe 
same  period)  for  three  yeart  :  consequently  not  directly  comparable,  as  regards 
their  amoant,  with  those  of  the  horicontal  force,  which  exhibit  a  considerably 
less  than  average  diurnal  change,  in  consequence  of  the  genend  absence  of  dis- 
turbance in  the  winter  of  1848  -  4 

Dr.  Bacbe  said  that  the  Section  were  deeply  indebted  to  Captain 
Lefrot  for  the  veiy  beautiflil  illustration  of  his  observations.  When 
he  said  this  was  but  a  leaf  from  his  "  log  book,'*  the  members  must 
have  some  idea  of  the  immense  labor  of  which  this  was  an  example 
of  only  one  day's  work.  These  observations  were  of  the  highest 
importance  to  every  investigator  of  magnetical  phenomena,  and  must 
have  a  most  beneficial  effect  on  the  researches  which  were  going  on 
among  scientific  men  in  almost  every  quarter  of  the  globe  to  ascer- 
tain the  true  laws  of  magnetism. 

Com.  Wilkes  had  witnessed  the  beautiful  exposition  of  Captain 
Lefroy  with  sentiments  of  high  admiration ;  and  he  would  take  this 
opportunity  of  calling  the  attention  of  the  Section  to  the  propriety 
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of  directing  measures  to  be  taken  to  lay  before  Congress  the  ne* 
cessity  of  establishing  stations  for  a  series  of  observations  of  a  like 
character.  This  was  an  investigation  that  could  not  be  pursued  by 
private  or  individual  exertions.  As  the  benefits  which  would  result 
from  it  would  accrue,  not  to  the  individuals  who  might  take  it  ap, 
but  to  the  whole  country  and  especially  to  our  marine,  it  was  but 
just  that  Congress  should  aid  in  affording  the  means  for  performing 
the  labor  attached  to  such  investigation  in  a  worthy  manner.  The 
British  Government  had  set  a  worthy  example  :  one  which  we  ought 
to  emulate. 

Prof.  HEifRT,  of  WasMngton,  stated  that  this  was  a  part  of  the 
harvest  which  science  had  reaped  from  the  great  crusade  which  the 
British  Association  had  established  to  investigate  the  phenomena  of 
terrestrial  magnetism.  Capt.  Leprot  had  spent  a  whole  winter,  with 
the  thermometer  below  the  freezing  point,  in  making  the  upper  curve 
on  the  diagram  which  he  had  exhibited  here  to-day.  We  had  as  yet 
done  nothing  to  compare  with  this.  It  was  true  that  there  had  been 
a  series  of  observations  taken  by  Dr.  Bache,  of  the  College  of  Phi- 
ladelphia, which  had  been  published  by  order  of  Government ;  but 
this  was  an  individual  case,  and  there  were  no  others  with  which  to 
compare  the  results  obtained.  He  hoped  our  own  Government  would 
take  this  matter  in  hand.  There  was  no  people  more  interested  in 
the  practical  benefits  which  such  a  philosophical  investigation  would 
confer,  than  the  people  of  the  United  States. 

Dr.  Bachb  wished  to  mention  the  name  of  Col.  Abert  in  con- 
nection with  this  subject,  as  one  who  had  most  materially  aided  in 
making  the  observations  which  had  been  published  by  Congress,  and 
who  was  intimately  concerned  in  carrying  them  on. 

Prof.  Hbnrt  said  he  would  mention  one  fact  connect <>d  with  the 
observations  at  Toronto  and  at  Philadelphia,  and  which  was,  that 
though  the  instruments  employed  at  the  two  places  mentioned  were 
very  different  in  construction,  each  gave  the  same  answer  in  their 
indications  of  magnetic  phenomena. 
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42.  On  the  Meteoric  Stone  of  Deal,  New-JersbTi  which  fell 
August  15,  1829.     By  Charles  Upham  Shephard. 

I  AM  indebted  to  Dr.  Elwtn,  the  treasurer  of  our  AssodiatioD,  for  a 
reference  to  the  notice  of  the  meteorite  of  Deal  by  Mr.  Robeit  Vaux 
and  Dr.  Thomas  M'Euen,  published  in  vol.  xvi»  p.  181  of  the  Trans- 
actions of  the  Academy  of  Natural  Sciences  ( Philadelphia) ;  and 
still  further  to  the  curators  of  the  Academy,  for  a  few  grains  of  the 
stone,  detached  from  their  specimen  (of  rather  more  than  half  an 
ounce  weight),  which  has  enabled  me  to  extend  the  account  of  its 
properties  beyond  the  following  brief  remark,  which  is  all  that  is 
embraced  on  this  head  in  the  paper  above  referred  to,  viz  :  **  The 
stone  is  three  inches  in  its  greatest  length,  and  the  surfhce  black 
with  many  indentations." 

Its  sp.  gr.  s  3,25  . . .  3,30. 

Its  coating  is  perfectly  black,  but  without  the  glassy  lustre.  In 
some  spots,  it  penetrates  by  narrow  veins  and  chinks  into  the  mass 
of  the  stone  for  a  slight  distance. 

It  is  of  a  light  color  within  (destitute  of  rust  points),  and  has  a 
vitreo-pearly  lustre.  Nickeliferous  iron  is  distributed  through  it  in 
minute  shining  globules,  with  here  and  there  bronze^colored  specks 
of  magnetic  iron  pyrites.  The  stone  is  slig^dy  coherent,  and  appears 
to  be  destitute  of  rounded  concretions. 

The  metallic  portion  is  rich  in  nickeL  The  earthy  part  is  readily 
attacked  by  hydrochloric  acid ;  and  the  solution  formed  contains 
silica,  oxide  of  iron  and  magnesia,  apparently  in  the  proportions  of 
howardite. 

The  stone  may  therefore  be  regarded  as  nearly  identical  with  that 
of  Castine  (May  20,  1848),  and  of  Poltawa  (March  12, 1811). 

In  the  course  of  Prof.  Shepard's  remarks,  the  circumstance  of  the 
existence  of  a  remarkable  meteoric  hill  in  Mexico  was  mentioned 
by  Dr.  Le  Conte  of  New- York.  While  passing  through  the  village 
of  Tucson,  a  frontier  town  of  Sonora  near  the  Gila,  in  February 
last,  he  observed  two  large  pieces  of  meteoric  iron,  which  were  used 
by  the  blacksmiths  of  the  town  for  the  purposes  of  an  anril  He  was 
unable  to  procure  any  specimens  from  these  bodies,  but  was  guided 
to  a  canon  between  two  mountain  ridges  in  the  immediate  vicinity, 
from  which  both  pieces  had  been  taken,  where  the  masses  of  the 
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meteoiitee  were  so  abundant  as  to  haye  given  name  to  the  cafion. 
He  had  not  before  heard  any  account  of  this  remarkable  circum- 
stance,  and  had  considered  it  an  interesting  subject  for  observation. 


43.  On  the  peobablb  datb  op  the  fall  of  the  Ruff's  Mountain 
(S.  C.)  Meteoric  Iron.    By  Charles  Upham  Shefard. 

This  highly  interesting  mass  ( weight  117  lbs.),  first  brought  into 
notice  by  Dr.  Thomas  Wells,  and  described  by  me  at  the  Charleston 
meeting  of  this  Association,  appears  to  have  been  one  of  very  recent 
date.  It  was  brought  to  the  office  of  Dr.  Wells  in  Columbia  in  the 
winter  of  1844,  with  the  account  that  it  was  incidentally  met  with  by 
a  person  out  upon  a  hunting  excursion  in  a  somewhat  unfrequented 
place ;  the  position  of  the  mass  being  that  of  entire  isolation,  upon 
a  flat  surface  of  rock.  This  circumstance,  coupled  with  the  fact  that 
its  exterior  is  fresh  on  all  sides  and  perfectly  clean  from  the  hydrated 
peroxide  of  iron,  seems  to  justify  the  inference  that  it  could  not  have 
occupied  this  situation  for  any  length  of  time ;  the  more  especially 
when  it  is  observed  that  freshly  cut  portions  are  prone  to  oxidation, 
even  when  carefully  protected  from  air  and  moisture. 

The  £)regoing  circumstances  have  led  me  to  attach  considerable 
importance  to  the  following  very  striking  description  (in  a  letter  to 
myself)  of  a  meteoric  explosion  that  occurred  about  forty-five  nules 
to  the  southeast  of  RuflTs  mountain  in  the  year  1841,  and  which  was 
communicated  to  me  by  Rev.  William  C.  Coolet.  It  apparently 
points  to  the  origin  of  the  mass  under  consideration. 

PoTMvmji  (Pa.),  April  27,  184S. 
Dka&  Sir  :  In  aooordance  with  your  wish,  I  subjoin  as  accurate  an  account  of 
the  meteoric  phenomenon  which  I  witnessed  during  my  sojourn  in  the  South,  as 
mj  recollection  and  other  more  reliable  data  will  enable  me  to  do.  It  was  near 
the  middle  of  the  month  of  February  1841,  that  I  was  a  witness  to  the  following 
impressive  events  in  Richland  district  (S.  C),  on  the  plantation  of  the  Messn. 
darksons.  As  my  usual  custom  then  wae^  I  was  riding  on  horseback  from  one 
plantation  to  another  (situated  about  eight  miles  apart).  I  had  come  in  sight  of  a 
field  where  the  slaves  were  preparing  the  ground  for  the  planting  of  cotton.  It 
was  near  the  middle  of  the  day ;  and  I  had  slacked  my  horse's  pace,  and  was 
■lowly  descending  a  hill,  when  I  was  suddenly  started  by  a  distant  whirring 
■ouad,  very  much  resembling  that  made  by  whiriing  a  shingle  through  the  ahr 
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tmpemded  by  « ttriag.  TIub  aonnd  rtpidly  grew  nearer,  loqdex;  and  nMve  brokan 
or  ragged,  until  it  died  away,  and  was  followed  by  another  quite  JBirailar,  thoagjk 
more  distinct,  which  lasted  about  the  same  length  of  time,  and  was  followed  by 
a  third  and  final  report,  the  moet  distinct  of  the  three,  whi<^  tenninated  in  a 
mwh  like  that  made  by  a  heayy  body  falling  to  the  earth.  Each  report  lasted 
nearly  a  quarter  of  a  minute^  giving  fully  sufficient  time  to  form  an  idea  of  its 
character.  My  horse  was  so  completely  shocked  with  fright  as  to  stand  stoek  atill 
for  some  minutes  after  the  last  report  had  died  away,  utterly  regardless  of  my 
efforts  to  uni^e  him  on.  The  laborers  in  the  field  threw  down  their  hoes,  and  with 
clasped  hands  looked  imploringly  up  to  heaven,  feeling  in  their  benighted  souls 
that  the  awful  day  of  judgment  had  eome.  The  whole  country  for  twelre  milea 
around  was  thrown  into  a  state  of  great  ezeitement ;  and  every  one  I  met^  to 
days  alterwitrd,  would  immediately  ask  if  I  had  heard  the  'lumbering'  in  tlie 
air.  Such  is,  1  believe,  an  accurate  aeeount  of  what  I  heard  and  saw  of  this  phe- 
Xiomenon ;  of  which  you  are  at  liberty  to  make  any  such  use  as  may  be  either 
interesting  to  yourself  or  advantageous  to  the  cause  of  science.. 

I  avail  myself  of  this  opportunity  to  give  publicity  to  another  higHy 
graphic  account  of  a  meteoric  explosion  that  took  place  in  Tennes- 
see, the  summer  after  this  mass  was  found.  It  is  from  the  pen  of 
Judge  VooRHiEs  ;  and  should  its  publicity  fail  in  leading  to  the 
recovery  of  the  deposit  which  probably  attended  the  explosion,  the 
account  will  serve  to  strengthen  the  evidence  in  favor  of  the  idea 
advanced  on  a  former  occasion,  that  the  States  of  Tennessee,  North 
and  South-Carolina  are  more  liable  to  these  aerial  visitations  than 
other  portions  of  this  continent. 

CHAvixffn,  DtdBOW  Co.  (Tenn.\  S^ember  11,  1S4S. 
8at  :  Tour  letter  and  ciroular  of  SOtfa  August  and  28ih  July  last,  requesting 
informatien  relative  to  meieorio  stosea  and  metearie  troni^  arrived  some  daya 
since.  We  have  no  account  of  any  meteoric  subetanoe  having  been  found  in  this 
county,  except  the  mass  of  iron  which  I  presented  to  Dr.  Troost  (that  which  fell 
in  the  summer  of  1835).  My  attention  has  only  very  recently  been  drawn  to  this 
subject  Several  years  ago,  I  was  shown  in  some  part  of  the  country  some  stones 
said  to  hare  been  precipitated  to  the  earth ;  but  with  all  my  efforts,  I  am  unnhle 
to  locate  the  precise  time  or  place,  or  person  communicating  the  fact  Ihe  cir- 
cumstances accompanying  the  descent  of  the  mass  alluded  to,  now  in  the  poseea- 
aion  of  Dr.  Troost,  induce  me  to  believe  that  on  the  last  Saturday  in  the  month 
of  July  last,  at  4  or  5  o'clock  p.  m.,  another  meteoric  subetaAce  fell  to  the  earth, 
some  four  or  five  miles  from  the  place  where  the  piece  of  meteoric  iron  was  found, 
I  was  at  that  time  eighteen  miles  north  of  the  place  where  I  now  write,  sitting 
in  the  piaza»  of  a  Mr.  Dickson,  in  company  with  several  gentlemen,  all  of  who^^ 
as  well  as  myself  heard  the  report  We  supposed  afr  first  that  a  large  gun  had 
been  fired  at  Clarksville,  a  town  on  CumberlaDd  river ;  but  the  sonnd  was  not  in 
that  direction.  I  retuzmed  home  thenejct  day,  apeaking  with  several  peraons  oa 
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tha  way  about  the  noiae  tl&qr  had  h^rd  tha  day  before.  Tlie  okiaE^u  of  this  plaee 
also  heard  the  report ;  and  I  haye  understood  that  it  was  distinctlj  heard  eigh- 
teen or  twenty  miles  south  of  this.  Two  white  boys  from  this  vicinity  were 
hunting  squirrels ;  and  were  in  the  act  of  shaking  a  small  tree  for  some  purpose^ 
looking  upward  during  their  operations^  and  at  that  instant  saw  nearly  over  their 
heads  a  bright  light  paatiDg  rapidly,  and  fading  away  qmekly.  One  of  them  ye- 
hemently  ealhNl  out  *Lookl  lookl  lookl '  They  deeeribe  the  light  as  being  of 
the  color  of  tin.  They  heard  the  report^  and  beeame  alarmed.  Eyery  body  here 
says  that  not  a  cloud  was  to  be  seen.  Where  I  was,  the  sky  was  never  more 
cloudless.  The  boys  declare  that  there  was  not  the  sign  of  a  doud.  Two  gentlemen 
were  sitting  in  the  piazza  of  one  of  the  taverns  in  this  town,  and  both  hearing 
the  report^  one  observed  to  the  other,  that  the  noise  very  mueh  resembled  that 
made  by  plunging  a  hot  eanaon-ball  into  a  barrel  of  water ;  neither  of  them  ap- 
prehending, as  I  jonderstand,  what  waa  the  oauae  of  the  report  A  lady  who  residea 
five  miles  south  of  this  place^  describing  this  noise  in  the  heavens,  said  she  waa 
in  the  house  with  her  father  when  she  heard  it,  and  asked  quickly  what  it  was  f 
Her  father,  who  is  hard  of  hearing,  said  it  was  thunder.  Whereupon  she  started 
quickly  for  the  door  (observing  as  she  went  that  it  was  not  like  thunder,  and  that 
there  wae  no  cloud),  and  looked  up.  All  that  she  saw  was  a  small  white  cloud, 
or  patch  of  whitilBh  smoke  about  as  large  as  a  pocket-handkerchie(  which  im- 
mediately disappeared.  Its  place  was  ahuost  over  her  head,  but  a  little  to  the 
east  I  will  make  some  efforts  to  find  the  fallen  mass,  if  any  fell ;  but  if  I  should 
not  myself,  nnd  it  should  be  found  by  others  near  the  locality  I  have  indicated,  it 
will  furnish  a  presumption  that  its  descent  was  accompanied  by  the  circumstances 
I  have  related.         Very  respectfully  your  obedient  servanti    J.  VOORHIEa. 


44.  An  Account  of  a  Meteor  which  was  seen  in  the  vicinity  of 
Hartford  (Conn.),  on  the  Night  of  October  3,  1850.    By 

Prof.  J.  Brocklesbt,  of  Trinity  College,  Hartford. 

< 
Ov  the  evening  of  the  third  of  October  1850,  a  splendid  meteor  of 
unosaal  size  was  seen  by  two  observers,  who  reside  on  the  eastern 
slope  of  Talcott  mountain,  about  seven  miles  west  of  the  city  of 
Hartford  in  the  State  of  Connecticut  It  was  first  seen  by  Mr.  Gat* 
LOBO  WeliaB,  and  afterwards  by  his  wife;  an4  to  the  former  I  am 
indebted  for  all  the  particulars  I  have  been  able  to  collect  in  respect 
to  this  remaiAiable  phenomenon ;  for  I  cannot  ascertain  from  the 
published  accounts  of  meteors,  that  this  brilliant  visitant  was  else- 
where noticed.  It  would,  however,  be  passing  strange,  if  a  body  of 
such  vast  size,'  and  which  appeared  so  early  in  the  evening  and 
^ntinued.  visible  for  so  long  a  time,  should  have  failed  in  attracting 
attention ;  and  the  sileaioe  respeetiiig  it  must  be  attributed  to  the 
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little  intereat  manifeeted  in  the  spectacle  by  those  who  beheld  it. 
The  following  facts  I  took  down  from  the  lips  of  Mr.  Wells,  with 
whom  I  have  been  acquainted  from  my  boyhood,  and  whose  state- 
ments as  to  what  he  saw  I  know  to  be  worthy  of  the  utmost  reliance. 

The  place  where  my  informant  resides  commands  a  full  view  of  the 
heavens  in  three  directions  :  north,  east  and  south.  On  the  night  in 
question,  he  stepped  out  of  the  eastern  door  of  his  house  at  about  half 
past  eight  o'clock,  as  near  as  he  could  judge  :  the  sky  was  serene, 
and  the  moon  within  about  an  hour  of  the  meridian.  Upon  passing 
round  the  southeast  corner  of  his  house,  Mr.  Wells  saw,  a  little  south 
of  west,  and  full  sixty  degrees  above  the  horizon,  a  bright  meteor 
apparently  a  foot  in  diameter.  It  shone  with  an  orange  hue ;  and 
below  it  waB  a  train  which  seemed  to  be  fifteen  or  tioUeen  Jeet  m 
length,  fan-shaped,  and  possessing  an  apparent  breadth  at  its  further 
extremity  oifuU  two  feet.  The  train  shone  with  a  mild  phosphoric 
lustre,  and  resembled  a  light  and  delicate  summer  cloud.  The  meteor 
rose  from  west  to  east  with  a  slow  and  stately  motion ;  the  train 
preserving  nearly  its  original  length  as  the  body  advanced  towards 
the  meridian,  and  swept  onward  to  the  moon.  In  its  progress  the 
meteor  passed  above,  or  to  the  north  of  this  luminary ;  and  when 
it  had  arrived  on  the  eastern  side,  directly  turned  towards  the  south- 
east, and,  dropping  down  below  the  moon,  a  part  of  its  attendant 
train  swept  over  the  lunar  diik.  As  it  crossed  it, 'the  face  of  the  moon 
was  slightly  obscured,  as  when  dimmed  by  the  passage  of  a  fleeting 
cloud.  The  meteor  now  gradually  descended,  and  was  watched  until 
it  had  reached  the  verge  of  the  horizon  in  the  southeast ;  and,  when 
last  seen,  appeared,  together  with  its  train,  to  be  not  more  than  eight 
or  nine  inches  long.  Neither  explosions  nor  scintillations  were  ob- 
served in  any  part  of  its  course,  and  it  appears  to  have  been  un- 
attended with  any  remarkable  changes  in  ibrm. 

As  far  as  any  judgment  could  be  formed  of  the  velocity  of  this 
body,  it  is  believed  that  the  time  occupied  in  moving  the  length  of 
its  train  could  not  have  been  less  than  three  minutes.  The  duration 
of  the  visibility  of  the  meteor  is  not  accurately  Igiown,  as  the  ob- 
server did  not  refer  to  the  clock  at  the  beginning  and  end  of  the 
phenomenon  ;  but  he  is  positive  that  it  could  not  possibly  have  been 
less  than  an  hour,  and  was  probably  an  hour  and  a  half.  In  truth, 
Mr.  Wells  staid  out  so  long  gazing  upon  the  wondrous  spectacle, 
that  his  wife  came  out  to  see  what  had  become  of  him,  and  a  severe 
cold  was  the  result  of  his  protracted  exposure. 
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I  regret  that  my  informant  was  unable  to  give  me  the  angular 
measurement  of  this  meteor  and  its  train,  if  it  was  only  for  the  sake 
of  comparing  its  dimensions  with  those  of  other  meteors ;  but  in 
one  respeet  this  deficiency  is  partially  supplied.  The  meteor  of  Sep- 
tember 30th,  1S50,  which  has  been  well  described  by  Prof.  Bond, 
was  also  observed  by  my  informant  when  near  the  Pleiades.  He 
considers  the  meteor  of  October  3d,  1850,  to  have  been  much  larger 
than  this,  when  seen  near  the  stars  just  mentioned ;  but  that  the 
September  meteor  was  superior  in  brilliancy  to  the  one  of  October 
3d.  They  probably  differed  but  little  in  respect  to  the  duration  of 
their  visibility.  It  is  remarkable  that  two  meteors  of  such  extra- 
ordinary size,  and  which  continued  above  the  horizon  for  so  long 
and  unprecedented  a  time,  should  have  swept  through  the  heavens 
over  the  same  places  on  the  e^h  within  three  days  of  each  other ; 
and,  unless  we  knew  that  their  paths  were  different,  we  might  al- 
most be  tempted  to  imagine  that  they  were  kindred  bodies  circling 
as  companions  through  the  fields  of  space. 


B.  CHEMISTRY  AND  MINERALOGY. 


I.   CHEMISTBY. 

1.  Analysis  of  the  Muskmelon  ( Cttcwmif  melo),  and  Watermelon 
{Cucurbita  citruUus).     By  J.  H.  Salisbury,  M.  D.,  of  Albany. 

The  varieties  examined  were  the  Nutmeg  Muskmdon  and  the  Lang 
Red-fleth  Watermelon,  The  fruit  only  was  examined.  Length  of 
rouskmelon,  6  inches  ;  diameter,  52  inches.  Length  of  watermelon, 
14  inches  ;  diameter,  6  inches. 

PBROEirrAOE  OF  WATBB,  DBT  ICATTEB,  AMD  ABH. 

MuftkmeloD.       Watermelon. 

Percentage  of  water   90,987  94,898 

—  dry  matter 9,018  6,102 

—  aah    0,271  0,248 

-—           ash  in  the  dry  matter,  8,007  4,861 
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The  muskmelon  contains  but  a  trifle  more  wator  than  the  beet : 
the  watermelon  contains  more  than  the  ma8kmelon>  and  less  than 
the  cucumber.  One  ton  of  the  fresh  fruit  of  the  muskmelon  has 
174,84  lbs.  of  organic  matter,  and  5,42  lbs.  of  inorganic  matter.  One 
ton  of  watermelon  fruit,  fresh,  contains  97,08  lbs.  of  organic  matter, 
and  4,96  lbs.  of  inorganic  matter.  36900  Ibe.  of  muskmelons  and 
40322  lbs.  of  watermelons  contain  each  100  Ibe.  of  inorganic  matter 
or  ash. 

100  lbs.  ASH  100  Ibo.  ASH 

of  MntkmeloiL  of  Walennelon. 

Carbonio  acid   11,56  11,42 

Silicic  acid 2 ,  20  1,21 

Phosphoric  acid 26 , 40  14, 98 

Sulphuric  acid 8,90  ^      1,63 

Phosphate  of  iron 2 ,  80  4,52 

Lime 5,85  7,82 

Magnesia   0,60  1,81 

Potash •  8,85  28,95 

Soda i 84,85  80,63 

Chlorine 5,20  1,81 

Organic  matter trace  trace 

99,70  98,73 

The  muskmelon  contains  a  very  large  percentage  of  phosphoric 
acid  and  soda,  and  considerable  potash  :  the  watermelon  has  a  very 
large  percentage  of  soda  and  potash,  and  is  also  quite  rich  in  phos- 
phoric acid.  The  occurrence  of  these  bodies  in  such  quantities  in 
these  plants  explains  to  us  why  dead  animal  matter,  as  flesh,  bones, 
etc.,  and  common  salt  and  ashes,  have  such  a  marked  influence  in 
promoting  their  growth  and  productiveness. 

FBOZDCAIX  OBOANIO  ANALYSIS  Or  FRUIT. 

100  Hm.  Of  MoBkmeloiL       lOOHbs.  of  Watermelon. 

Fresh  fruft.  Dry  fbut.  Fnah  frmiL  Dry  fniit. 

Albumen  0,918  10,219  0,572  11,408 

Casein 0,442  4,952  0,004  0,080 

Dextrine 1,142  12,800  0,318  6,340 

Starch trace  trace  none  none 

Sugar  and  extract 5,250  58,942  8,020  60,267 

ChTorophyl 0,004  0,044  0,006  0,120 

Fat,  wax,  and  reein 0,038  0,415  0,022  0,440 

Citric  acid trace  trace  0, 007  0 ,  140 

Malic  acid   0,007  0,077  0,009  0,180 

.  Tartaric  acid. 0,005  0,056  trace  trace 

Fibre 1,128  12,898  1,058  21,030 

Dry  matter  8,929      100,  5,016      100, 

Water 90,987         94,898        

99,916 

The  large  percentage  of  albumen,  casein,  dextrine  and  sugar,  with 
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a  small  quaotity  of  acid,  shows  us  the  reason  of  the  peculiar  rich 
flayor  of  the  fruit  of  the  melon. 

ULTIMATE  OBOANIO  ANALTBIS. 

100  iMurto  of  dry  fralt  of  the   Moskmelon,  Watermelon,       yield  of 

Nitrogen C.       2,281  1,789 

Oxygen.; i.     48,906  48.187 

Carbon 44,820  48,764 

Hydrogen 6,882  6,872 

The  melon  furnishes  a  mild  but  very  pleasant  liquor  :  for  this  use, 
the  muskmelon  is  much  superior  to  the  watermelon. 


2.    On  the  Separation  op  Butter  prom  Cream  bt  Cataltsis. 
By  President  Edward  Hitchcock. 

It  is  well  known  that  the  separation  of  butter  from  cream,  during 
the  winter  months,  by  the  ordinary  process  of  churning,  is  oflen  very 
difficult,  from  some  chemical  changes  in  the  proximate  principles. 
From  my  own  small  kitchen  dairy,  the  complaint  on  this  subject  had 
so  often  reached  me,  that  I  was  led  a  few  years  since  to  inquire 
whether  there  were  not  some  remedy.  My  thoughts  were  turned  to 
that  principle  in  chemistry,  to  which  Berzelius  gave  the  name  of 
eatalyna.  In  observing  the  process  of  churning  with  the  old-fashioned 
cylindrical  chum,  I  had  noticed  that  along  the  handle,  when  the 
cream  had  been  subject  to  a  more  powerful  agitation,  butter  would 
show  itself  much  earlier  than  in  the  body  of  the  cream.  Hence  I 
inferred  that  by  acting  on  a  small  quantity  of  the  cream,  the  separa- 
tion might  be  easily  effected  in  that  portion  :  and  it  seemed  not 
improbable,  that  by  seizing  the  exact  moment  when  the  separation 
was  taking  place,  and  adding  more  cream,  the  process  might  be 
communicated  to  that  also  in  a  catalytic  manner  ;  and  if  so,  perhaps 
any  quantity  might  in  like  manner  be  made  to  yield  its  butter. 

I  made  the  experiment,  and  was  successful.  I  put  a  small  quantity 
of  cream  in  the  chum  at  first,  and,  by  a  few  moments  strong  agita- 
tion, brought  it  to  that  state,  familiar  to  a  practised  eye,  when  the 
butter  is  separating.  An  assistant  stood  with  the  principal  mass  of 
the  cream,  ready  to  pour  it  gradually  into  that  where  the  butter  was 
in  a  nascent  state,  which  I  continued  to  agitate  with  even  increased 
briskness  as  more  and  more  cream  was  added.  The  effect  was  ma- 
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gical;  for  in  a  few  minutes,  I  several  times  had  the  pleasure  of 
seeing  several  quarts  of  cream  give  up  its  butter.  I  found,  however, 
that  if  the  fresh  cream  were  poured  in  too  fast,  it  would  stop  the 
procesfi  ;  and  that  it  would  not  answer  to  let  the  agitation  cease  fin: 
an  instant. 

I  have  delayed  for  two  or  three  yedrs  to  state  these  facts  publicly, 
because  I  had  hoped  to  make  additional  experiments  on  the  subject; 
but  more  important  matters  have  prevented.  I  cannot,  therefore,  say 
of  how  much  practical  value  my  statements  may  be.  I  tried  experi- 
ments enough  to  convince  me,  that  although  the  requisite  manipula- 
tions would  require  some  skill,  it  would  not  be  greater  than  many 
other  processes  common  upon  farms.  The  common  chum,  however, 
is  not  adapted  to  the  experiment.  I  think  one  might  be  invented  that 
would  meet  the  case ;  but  I  must  leave  the  whole  matter  to  any 
others,  who  may  feel  interest  enough  in  it  to  carry  forward  what  I 
have  only  suggested. 

I  ought  to  add,  that  it  was  suggested  to  me  by  some  who  took 
charge  of  the  butter  thus  eliminated,  that  it  seemed  more  difficult  to 
separate  the  butter  and  the  whey  completely,  than  when  obtained 
by  the  ordinary  process.  To  this  point,  therefore,  the  attention  of  the 
experimenter  should  be  turned. 

It  may  be  thought  that  this  paper  would  more  properly  be  pre- 
sented to  an  agricultural  than  a  scientific  association.  I  offer  it  to 
the  latter,  because  it  was  scientific  principles  alone  that  led  to  the 
experiment ;  and,  besides,  I  know  not  as  yet  whether  it  will  be  of 
practical  value  to  the  fkrmer.  It  is,  however,  a  new  example  of 
catalytic  change,  and  therefore  worthy  of  record  in  the  annals  of 
science. 


3.  Analysis  op  Bituminous  Coal  Ash.    By  George  W.  Weymah, 
of  Yale  College,  New-Haven. 

The  analysis  of  anthracite  coal  ashes,  presented  by  Mr.  Buncb  at 
the  New-Haven  meeting  of  this  Association,  having  given  so  interest- 
ing results,  I  was  led  to  undertake  a  similar  investigation  of  the 
bituminous  coal  ash. 

The  coal  from  which  the  ash  was  obtained  was  procured  at  Pitts- 
burgh (Pennsylvania),  and  is  the  same  as  is  generally  used  there. 
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It  was  burned  in  a  large  fomace  where  tbe  beat  was  intense,  and 
every  precaution  was  taken  to  bave  it  free  from  any  impurity.  Tbe 
fire  was  allowed  to  burn  for  a  day»  and  tben  tboroughly  raked  out 
before  any  asb  was  taken. 

Tbe  mean  of  tbree  determinations  of  asb>  etc.  in  tbe  coal,  gave 
tbe  following  results  : 

Bitumen  ....  82,32 

Carbon 64,84 

Ash 8,34 


100,00 


3,41 

8,42 

8,41 

8,86 

8,46 

8,46 

88,06 

89,79 

88,63 

Tbree  determinations  of  tbe  amount  of  tbe  asb  soluble  in  water 
and  bydrocbloric  acid,  gave  tbese  results  : 

nnt  determination ;      Second;         Third.  Mean. 

Soluble  in  water 3,40 

Soluble  in  hydrochloric  acid,     8 ,  53 
Insoluble   88,06 

99,99  99,88        101,67        100,49 

Tbe  amount  soluble  in  water  agrees  very  nearly  witb  tbe  solubility 
of  tbe  anthracite  asb ;  while  that  soluble  in  acid  is  only  a  little  more 
than  half  as  much. 

A  qualitative  analysis  detected  the  presence  of  silica,  iron,  alumina, 
lime,  soda,  potash,  sulphuric  acid,  and  chlorine. 

Separate  quantitative  analyses  were  made,  both  of  tbe  portion 
soluble  in  water  and  soluble  in  hydrochloric  acid. 


POBTION  SOLUBLE  IN  WATEB. 

Flnt ;  Second.  Mean  of  the  twa 

Silica   6,248  6,076  6,1695 

Alumina  and  iron,    0,972  0,461  0,7165 

Lime 62,811  68,680  83,2200 

Soda 6,489  6,884  6,3865 

Potash   10,871  10,166  10,2686 

Chlorine 4,680  4,730  4,7050 

Sulphuric  acid  ...  18,690  18,206  •      18,3980 

99,106  98,693  98,8490 

The  quantity  of  iron  and  alumina  in  tbe  above  was  so  small,  that 
they  were  weighed  together. 
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FOBtlON  SOLCBUB  IN  AOID. 

Ftnt;  Seoond.               Uean, 

Silica    10,994  10,169  10,6816 

Iron    18,160  19.801  18,9766 

Alumin* 28,734  22,687  23,2166 

Lime 81,860  81,664  81,7620 

Soda 7,181  6,768  6,4470 

Potash    2,086  1,968               2.0016 

Sulphuric  acid  ...     6,860  6,600  6,7260 

Chlorine 1,208  1,964              1,6886 

100,967     99,616     100,2916 

It  will  be  observed  in  tlie  above,  that  all  of  the  alkalies  waB  not 
dissolved  by  water,  and  about  a  third  of  them  was  determined  in  the 
acid  solution.  The  ash  was  washed  with  water  until  the  water  gave 
no  taste.  The  alkalies  existed  undoubtedly  in  the  state  of  silicates. 

Calculating  the  above  determinations  on  the  whole  ash,  we  have 
this  result ;  and  for  the  sake  of  comparison,  I  give  Mr.  Bunce's 
result  also. 

BITUMINOUS.  AMTSBACm. 

Bed-«8h ;  White-aah  variety. 

Silica    1,0699  1,287  0,091 

Alumina 1,9660  4,244  8,816 

Iron 1,6862  6,828  4,028 

Lime 4,4647  0,169  2,111 

Soda 0,7660  0,164  0,218 

Potash    0,6161  0,106  0,162 

Sulphurie  aeid  ...     1 ,  1041  0 ;  480  0, 866 

Chlorine 0,2922  0,018  0,087 

Phosphoric  acid 0, 269  0, 198 

Magnesia 2,008  0,196 

Insoluble.. 88,0600  86,647  88,681 

99,8042  100,104  99,961 

But  the  slightest  trace  of  phosphoric  acid  jras  detected  in  the 
bituminous  ash.  By  comparing  this  ash  with  that  of  the  anthracite, 
we  find  that  this  is  much  more  rich  in  alkalies  :  in  the  anthracite 
they  amount  to  about  0,4  of  a  per  cent,  while  here  they  exceed  one 
per  cent.  The  lime  is  also  about  twice  as  much.  No  magnesia  was 
detected.  The  absence  of  phosphoric  acid  in  this  ash  lowers  its  value 
as  a  manure ;  but  the  presence  of  so  large  a  quantity  of  the  alkalies 
compensates,  in  some  measure,  for  its  absence.  These  results  fully 
confirm  the  value  of  coal  ashes,  and  their  applicability  as  a  manure. 
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4.  On  the  Value  of  Soil  Analyses,  and  the  Points  to  which 

ESPECIAL  ATTENTION   SHOULD  BE   DIRECTED.      Bj  Prof.  JoHN  P. 

Norton  of  Yale  College,  and  Willlam  J.  Craw,  First  Assistant 
in  Yale  Analytical  Laboratory. 

The  object  of  this  paper  is  to  show  tliat  distinct  practical  resnlts 
may  be  obtained  by  the  careinl  analysis  of  soils  ;  results  from  which 
conclusions  may  safely  be  drawn,  and  which  point  dearly  to  certain 
leading  pnnciples  in  agriculture.  It  may  be  thought  strange  that 
demonstration  should,  at  this  advanced  period  of  improvement,  h6 
required  in  such  a  cause ;  but  the  fact  is  that  many  chemists,  md 
among  them  somB  of  the  highest  reputation,  have  of  late  been  ac* 
customed  to  speak  slightingly  of  soil  analyses,  and  to  intimate  that 
they  are  of  little  value.  Some  have  even  said  that  we  cannot  from 
analyses  tell  what  constitutes  fertility,  and  what  barrenness.  It  has 
also  been  said  that  we  can  learn  more  by  analysing  the  ash  of  weeds 
or  other  plants  growing  wild  on  a  soil,  than  by  analysing  the  soil 
itself. 

With  all  proper  deference  to  the  authority  of  others,  the  assertion 
may  safely  be  made  that  such  as  these  are  always  fi)unded  upon 
erroneous  ideas  with  regard  to  the  connection  between  the  soil  and 
the  plant,  and  also  to  deficiency  in  practical  knowledge.  This  last  is 
especially  an  important  point  :  those  who  work  only  in  the  labora- 
tory upon  small  quantities,  and  in  accordance  with  scientific  theories, 
can  have  little  true  conception  of  the  different  circumstances  which 
they  must  meet,  or  rather  their  theories  must  meet,  when  brought 
into  the  open  air;  when  tons  are  in  question,  rather  than  milli- 
grammes ;  when  sun,  wind  and  rain  have  full  scope ;  when  the 
winter's  frost  and  summer's  heat  unite  in  the  work  of  change  and 
transformation.  Thus  it  is  that  many  have  been  disappointed  in  their 
anticipations,  and  have  g^ven  up  the  whole  matter  in  despair,  when 
a  more  cautious  adoption  of  theories,  and  a  due  consideration  of 
actual  realities,  would  hsve  led  to  far  diferent  results. 

Another  class  of  objectors  find  fault  with  analyses  of  soils,  as  not 
affording  after  all  a  fair  index  to  the  true  composition  of  any  given 
soil.  The  analysis  is  made  upon  a  minute  quantity ;  and  thia^  in 
separating  its  constituents,  is  divided  into  yet  more  minute  quantities, 
BO  small  that,  as  it  is  said,  they  have  an  extremely  uncertain  relative 
proportion  to  the  great  unhomogeneous  mass  from  which  the  original 
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sample  was  taken.  This  objection  is  one  chiefly  nrgecl  by  accurate 
chemists,  who  are  accustomed  to  analyse  minerals  and  other  bodies 
having  a  peiiectly  fixed  constitution,  and  to  make  determinations  on 
different  specimens  corresponding  almost  precisely  with  each  other. 
From  such  a  source  the  objection  is  certainly  entitled  to  respect,  and 
to  it  attention  will  be  first  directed. 

No  pretension  is  urged  that  analyses  of  soils  may  be  made  to  agree 
as  closely  as  those  of  minerals  :  this  is,  from  the  nature  of  the  case, 
impossible ;  but  the  agreement  is  ordinarily  quite  sufficient  for  the 
practical  purposes  intended.  As  the  strongest  possible  proof  of  this, 
two  samples  of  soil  were  taken  from  widely  separated  parts  of  the 
same  field,  one  of  six  acres.  These  analyses  were  made  with  a  view 
of  determining  certain  points,  and  are  therefore  not  carried  out  so 
fully  as  is  usual  in  Yale  Analytical  Laboratory.  Neither  the  iron  and 
alumina,  or  the  potash  and  soda,  were  separated.  The  analyses  are 
as  follows  : 

TABLE  L 

TIUF.  HED  SHALE. 

Nal.  Naft.  NaS.  No.  4 

Iron  and  dumina 9,509  8,64fi  10,864  15,344 

Lime  0,814  0,216  0,247  0,074 

Magnesia   0,865  0,716  0,771  1,728 

Sulphates  of  potaah  and  soda,     1,121  0,717  0,700  2,916 

Solublesilioa 0,166  0,127  0,237  0,122 

Insoluble  siliceong  matter ....  81 ,  677  82 ,070  82 ,  681  76 ,  887 

Organic  matter 7,167  7,760  6,058  4,4(^7 

100,819   100,251   100,478   100,667 

These  analyses  overrun  a  little  uniformly,  for  the  reason  that  the 
alkalies  were  not  especially  examined  and  sepai'ated  :  they  un- 
doubtedly contained  a  little  baryta  from  the  separation  of  the  mag- 
nesia, and  are  somewhat  too  high.  The  general  coincidence  between 
these  soils  is  quite  decisive,  without  being  perfectly  accurate.  It  is 
such  a  coincidence  as  one  would  expect,  and  it  is  perfectly  obvious 
that  all  practical  information  for  the  improvement  of  the  field  might 
be  as  well  drawn  from  the  study  of  one  as  from  the  other.  These 
were  both  trap  soils  ;  a  third  trap  soil  was  taken  from  a  field  per- 
haps a  third  of  a  mile  distant  from  the  first,  and  the  analysis  is  No^ 
3  in  Table  I.  Here  again  we  have  the  same  leading  features,  the 
same  decisive  similarity  in  composition.  In  view  of  this  coincidence, 
is  it  not  perfectly  obvious  that  a  few  pounds  of  soil  from  four  or  five 
places  in   a  field,  mingled  together  thoroughly,  will  give  a  very 
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satisfactory  mean  as  to  the  composition  of  the  whole  field,  a  mean 
quite  sufficiently  accurate  for  practical  purposes  ?  The  same  points 
may  be  exemplified  by  the  following  analyses  of  some  clays  from  the 
vicinity  of  Albany  : 

TABLE  n. 

Ka  1  :  bhie.  No.  S  :  bloo.    No.  8  :  white. 

Alumina  and  iron 18,22  18, Yd  17,01 

Lime , 4,87  4,88              4,31 

Magnesia  2,47  2,69             2,71 

Potash  and  soda 8,67  8,16  4,80 

Soluble  silica 1,68  1,19              0,47 

Insoluble  siliceous  matter,    70 ,  40  69,16  67 ,  68 

The  clays  No.l  and  No.  2  were  taken  from  a  hillside  near  Albany, 
but  at  a  considerable  distance  apart  :  their  appearance  was  quite 
alike,  and  the  agreement  in  the  analyses  is  even  more  striking  than 
in  the  case  of  the  trap  soils,  there  being  in  no  case  a  difference  of 
more  than  half  a  per  cent  between  any  of  the  determinations.  They 
might  very  well  be  published  as  accurate  determinations  of  the  same 
specimen.  The  white  clay  from  the  same  neighborhood,  No.  3  in  the 
table,  was  a  decidedly  lamellar  clay,  from  a  much  lower  layer  of  the 
same  series,  and  a  locality  considerably  removed  from  the  first.  The 
degree  of  coincidence  which  it  shows  with  the  first  two  samples  is 
quite  remarkable  :  it  is  in  all  essential  respects  the  same  soil,  the 
only  very  marked  difference  being  in  the  amount  of  iron  and  alumina 
and  of  soluble  silica.  The  same  remark  made  as  to  practical  deduc- 
tions from  the  study  of  analyses,  will  apply  here  as  in  the  previous 
instance  of  the  trap  soils  :  the  three  are  obviously  of  the  same  class. 

If  now  we  compare  with  these  soils  others  taken  from  different 
formations,  we  shall  find  equally  satisfactory  results.  In  Table  I  is 
included  an  analysis  of  a  red-sandstone  shale  taken  from  within  an 
eighth  of  a  mile  of  the  three  trap  soils  :  in  fact,  this  shi^e  appears 
between  soil  No.  1  and  2  and  No.  3.  The  difference  in  composition 
is  very  marked  :  the  amount  of  soluble  matter  is  greater  by  six  or 
seven  per  cent ;  the  alkalies,  by  nearly  two  per  cent ;  the  magnesia, 
about  one ;  and  lime  is  almost  absent,  there  being  but  about  1^ 
hundredths  of  one  per  cent 

These  four  soils  were  all  from  Farmington  (Connecticut).  Within 
half  a  mile  or  less  of  their  locality  lies  the  soil  of  the  gravel  and 
sand  drifl,  which  here  stretches  quite  across  the  State  and  into  Mas- 
sachusetts, running  at  least  ninety  miles  almost  unbroken.  This  forms 
a  poorer  soil,  difieriug  vndely  from  either  of  the  others,  or  from  the 
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clajB  giyen  in  Table  II.  In  the  following  table  are  the  reanltB  €^ 
analyses  of  two  of  these  from  the  neighborhood  of  Newfaaven,  bat 
on  precisely  the  same  formation  as  exists  at  Farmington. 

TABLE  nL 

Na  1.  Na  i. 

Iron  and  alumina 6 ,  659  5, 117 

Lime 0,099  0,079 

Magnesia 0,860  0,288 

Potash  and  soda 0, 884  0,464 

Silica 0,886  0,264 

Insoluble  siliceous  matter,    90 ,  466  9 1 ,  866 

Organic  matter 2,172  2,280 


100,464  100,842 

The  proportion  of  insoluble  matter  is  greater  by  some  20  per  cent 
than  in  the  clays,  and  by  10  to  15  per  cent  than  in  the  other  soils. 
Lime  is  very  trifling  in  amount,  and  magnesia  or  alkalies  in  neither 
case  amount  to  half  of  one  per  cent.  A  soil  formed  by  the  decom- 
position of  chlorite  and  serpentine,  the  locality  not  more  than  half  a 
mile  distant  from  these  sandy  soils,  was  partially  examined,  and 
found  to  show  a  very  different  character ;  abounding  especially  in 
lime,  magnesia,  and  soluble  silica. 

It  was  intended  to  present  a  larger  number  of  results  than  dioae 
at  present  completed ;  but  various  circumstances  conspired  to  fiu»- 
trate  this  intention,  as  also  to  prevent  the  analyses  from  being  carried 
out  more  fully.  As  they  stand,  however,  they  confirm  in  an  unex- 
pectedly satisfactory  manner  the  views  entertaiped  by  the  authors. 
They  are  not  selected  analyses  ;  all  that  were  made  being  pablidied, 
ydth  a  single  exception,  that  one  being  rejected  on  account  of  an 
obvious  defects 

These  analyses,  having  been  only  carried  so  far  as  to  serve  a 
particular  purpose,  are  somewhat  rough  and  unfinished  in  their 
character,  and  may  be  found  fault  with  in  that  respect.  To  show  that 
minute  particularity  does  not  lessen,  in  all  cases  at  least,  the  prac- 
tical value  of  analytical  results,  two  analyses  are  here  inserted,  which 
were  made  in  Yale  Analytical  Laboratory  a  few  months  since  by 
Messrs.  Erric  and  Brewer  :  they  are  of  soils  from  the  cotton  lands 
of  Mississippi. 
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Soluble  in  water. 

A.  2,470  per  cent 

B.  0,147       " 


Soluble  in  add. 

A.  4,96. 

B.  5,19. 


TABUS  IV. 

A 

'Organic  matter 4,740 

Silica 1,299 

Iron,  alumina  and  phosphate^  0, 280 

Lime 0,889 

Magnesia 0,090 

Manganese 0,084 

Potash 0,248 

Chloride  of  sodium 0, 107 

Soda 

Sulphuric  acid 0, 144 

Silica 0,409 

Alumina 1,644 

Iron 1,448 

Lime 0,535 

Magnesia 0,576 

Manganese 0,002 

PotaA 0,848 

Soda 

Sulphuric  acid 0,070 

Phosphoric  acid 0,042 


(SiUca 78,845 

Iron  and  alumina 5 ,  946 

lime 1,098 

Magnesia  1,142 

Manganese 0,628 


B. 
6,290 

0,072 
0,019 
0,020 
none 
none 
0,120 

o]ou 

0,009 

0,920 
1,820 
0,670 
1,840 
0,080 
none 
0,070 
0,180 
0,080 
0,008 

84,980 

2,870 

0,260 

0,680 

none 


-     100,059  99,667 

All  of  the  determinations  in  these  analyses  are  the  mean  of  at  least 
two  nearly  agreeing  results,  and  they  may  therefore  be  looked  upon 
as  singularly  accurate  and  exact. 

A  is  from  a  new  strong  cotton  soil.  B  was  originally  the  same 
soil,  but  has  been  worn  out  by  long  cultivation.  The  analyses  speak 
for  themselves.  In  B,  the  portion  soluble  in  water  has  been  exhaust- 
ed ;  in  the  other  portions,  its  inferiority  is  not  so  decisively  marked. 
From  the  inspection  of  these  analyses,  vrithout  any  knowledge  of  the 
composition  of  the  cotton  plant,  the  opinion  was  expressed  that  the 
special  manure  needed  by  the  worn-out  soil  was  alkaline  phosphates. 
Since  that  time,  the  ash  of,  a  cotton  stalk  from  Mississippi  has  been 
analysed  in  Yale  Analytical  Laboratory  by  Mr.  Judd,  and  this  ana- 
lysis is  presented  at  this  meeting  :  it  confirms  the  above  opinion  in 
a  very  remarkable  degree,  so  far  as  that  portion  of  the  cotton  plant 
is  concerned. 

In  view  of  all  the  foregoing  statements  and  results,  it  is  claimed 
that  they  go  to  sustain  in  a  most  decisive  manner  the  value  of  soil 
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analyses.  They  show  that  eyen  somewhat  rough  examinations  are, 
or  often  may  be,  highly  useful  in  a  comparative  point  of  view  ;  and 
that  in  some  instances,  certainly,  the  utmost  minuteness  of  investiga- 
tion only  renders  the  results  more  satisfactory.  In  fact,  these  careful 
analyses  are  the  only  ones  that  can  be  relied  upon  in  any  difficult 
or  doubtful  cases.  It  is  easy  to  see  that  had  not  a  separate  analysis 
been  made  of  the  water  solution  in  the  above  two  cases,  the  deduc- 
tions from  the  analyses  would  have  been  quite  obscure  and  uncertain; 
there  would  have  been  no  very  marked  difference  perceptible  be- 
tween these  soils. 

It  is  necessary  to  state  that  all  analyses  do  not  afford  conclusions 
alike  satisfactory  :  there  are  cases  which  are  yet  obscure ;  cases 
upon  which  the  most  careful  investigations  yet  made  have  failed  to 
throw  full  light.  We  need  careful  and  detailed  analyses  in  great 
numbers ;  analyses  in  which  each  determination  is  verified,  and 
where  all  the  circumstances  of  climate,  temperature,  course  of  crop- 
ping, etc.  etc.  are  taken  into  consideration.  From  the  comparison  of 
such  analyses,  great  results  may  be  expected. 

It  may  not  be  inappropriate  to  indicate  some  of  the  points  to 
which,  in  the  present  state  of  our  knowledge  on  this  subject,  special 
attention  should  be  directed. 

First  as  to  the  organic  matter  :  this  should  always  be  determined 
carefully ;  and  probably  it  may  be  of  advantage  in  many  cases  to 
determine  how  much  is  soluble  in  alkalies,  and  is  therefore  imme- 
diately fit  for  the  food  of  plants.  In  most  cases,  however,  a  know- 
ledge as  to  the  wetness  or  dryness  of  the  soil  will  give  information 
upon  this  point.  If  the  soil  is  properly  dried,  decomposition  of  its 
vegetable  part  will  undoubtedly  proceed  with  sufficient  rapidity  for 
all  the  purposes  of  the  plant.  Our  knowledge  of  the  organic  bodies 
that  exist  in  the  soil  is  quite  indefinite,  and  we  look  with  suspicion 
on  all  determinations  of  crenates,  apocrenates,  ulmates,  humates, 
ulmin,  humin,  etc.  Years  of  patient  investigation  are  required  to 
bring  our  knowledge  in  this  department  of  agricultural  science  into 
a  proper  shape  for  practical  use. 

Neither  are  we  inclined  to  place  any  particular  reliance  on  what 
is  called  the  property  of  absorption,  upon  which  many  chemists  lay 
much  stress.  In  almost  all  cases  a  practised  eye  will  decide,  from  a 
mere  inspection  of  an  analysis,  whether  a  soil  has  much  absorbent 
power  or  not. 
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Particular  attention  should,  in  all  critical  cases,  be  paid  to  tlje 
portion  soluble  in  water.  A  separate  examination  of  ibiB  portion 
greatly  increases  the  labor  of  analysis  ;  but  that  labor  is  always  well 
expended,  for  it  shows  upon  what  the  plant  can  rely  for  its  imme- 
diate nourishment. 

The  acid  solution  should  be  made  by  heating  with  dilute  acid  for 
a  definite  length  of  time,  digesting,  not  boiling.  If  these  points  are 
not  attended  to,  the  acid  solution  will  vary,  owing  to  the  unequal 
quantities  of  iron  and  alumina,  and  of  soluble  silica,  dissolved. 

It  is  almost  unnecessary  to  direct  particular  attention  to  the  phoB^ 
phates ;  as  no  one,  who  has  worked  at  them  critically,  will  need  to 
have  them  recalled  to  his  memory.  They  are  of  vital  importance  to 
the  plant,  and  their  presence  should  always  be  ascertained.  We  have 
at  present  no  method  for  the  separa,tion  of  phosphoric  acid  from  the 
bodies  with  which  it  is  associated  in  soils,  that  can  be  confidently 
recommended.^  Beyond  a  doubt,  the  majority  of  the  determinations 
which  we  possess  are  mere  approximations.  The  analyst  should 
never  rest  satisfied  with  less  than  two  or  three  nearly  concurring 
deteiminations  ;  and  those,  in  our  experience,  are  not  easy  to  obtain. 
The  grand  desideratum  at  present  in  the  inorganic  part  of  this  class 
of  analyses,  is  a  method  for  th,e  exact  and  speedy  determination  of 
phosphoric  acid. 

Much  attention  is  to  be  paid  to  the  alkalies  also  :  in  critical  cases, 
they  should  always  be  determined  separately ;  for  when  the  joint 
weight  by  evaporation  is  relied  upon,  without  any  farther  proceed- 
ing, the  result  is  almost  invariably  too  high,  as  exemplified  in  some 
of  the  analyses  given  in  this  paper. 

Analyses  of  the  insoluble  portion  are  also  useful,  when  a  complete 
examination  is  desirable ;  because  the  substances  there  contained 
are,  without  doubt,  undergoing  gradual  changes,  which  will  fit  them 
for  the  food  of  plants,  and  may  be  regarded  a^  a  store  for  future 
oonsumption. 

It  is  probable  from  the  recent  results  of  Way,  and  also  of  Ander- 
son, that  much  benefit  may  often  result  from  ultimate  determinations 
of  nitrogen,  with  testing  for  the  purpose  of  ascertaining  whether  it 
exists  chiefly  in  the  form  of  nitrates  or  ammoniacal  salts.  This  last, 
however,  is  a  point  of  theoretical  interest,  as  the  practical  efiect 
seems  to  be  the  same  in  either  case. 

Lastly,  the  different  circumstances  of  physical  character,  elevation, 
climate,  wetness  or  dryness,  and  the  previous  course  of  treatment, 
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Bbould  all  be  carefully  considered  when  the  analysis  is  completed ; 
for  upon  some  of  these  points,  and  not  upon  the  composition  as 
shown  by  destructive  analysis,  the  explanation  of  difficulties  depends. 
The  idea  that  any  ordinary  chemist  can  prescribe  for  the  complaints 
of  a  soil,  by  rule  and  measure,  from  a  mere  examination  of  a  small 
dried  sample,  without  ^rther  knowledge  of  it,  is  utterly  absurd,  and 
can,  as  it  is  now  being  acted  upon  in  many  parts  of  our  country, 
only  lead  to  most  serious  consequences. 

It  is  the  duty  of  members  of  this  Association,  whatever  may  be 
dieir  department,  to  frown  upon  all  false  science  ;  and  in  no  depart- 
ment are  their  exertions  mqre  needed  than  in  this.  A  multitude  of 
analysts  are  springing  up  in  various  parts  of  the  country,  following 
the  daily  increasing  demand;  and,  by  floods  of  cheap,  wortiiless 
analyses,  are  injuring  a  noble  cause  to  an  immense  extent.  Some  err 
from  ignorance  :  others  are  mere  pretenders ;  but  all  should  alike 
be  discouraged.  Cheap  analyses,  where  the  operator  depends  on 
them  for  his  support,  must  be  slighted  somewhere. 

It  is  a  matter  of  vast  national  importance  that  tiie  deterioration 
of  land  under  an  exhausting  and  wasteful  cultivation,  which  is  going 
on  more  or  less  in  every  part  of  this  country,  should  be  checked 
speedily.  Every  American  of  every  station  is  directly  interested  in  a 
subject  which  affects  the  vital  prosperity  of  our  country  ;  but  every 
scientific  man  is  particularly  interested,  because  it  is  science  that 
must  effect  this  change  by  its  teachings ;  and  when  completed,  all 
true  science  and  all  scientific  bodies  will  gain  a  higher  place  than 
they  have  ever  before  occupied  in  the  minds  of  the  great  mass  of 
this  nation.  When  we  can  show  the  true  practical  utility  of  science 
so  widely  and  so  beneficently  in  one  branch,  all  other  branches  will 
also  receive  a  share  of  confidence  and  suppoit.  Then,  too,  on  the 
other  hand,  when  one  branch  of  science  suffers  from  misrepresenta- 
tion and  falsification,  all  suffer  more  or  less  with  it.  One  office,  there- 
fore, of  this  Association,  and  of  every  member  in  his  own  place,  is 
to  encourage  the  true  and  sound  —  to  discourage  all  that  is  ephe- 
meral and  superficial. 


5.  On  a  New  Method  for  the  Analysis  of  Soils.    By  David 
A.  Wells,  Junior. 

[Not  received,] 
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9 
6.     COMPARATIYE   Al^ALTSES   OF   AsH    FROM   PREMIUM   SaMPLES   OF 

Asa  OF  8-RowED  Yellow  Indian  Corn.   By  Mason  C.  Weli>» 
of  the  Yale  Laboratory. 

[Not  received,] 


7.  Solidification  of  the  Rocks  of  the  Florida  Reefs,  and  the 
Sources  of  Lime  in  the  Growth  of  Corals.  By  Professor 
E.  N.  HoRSFORD,  of  Harvard. 

I.  It  is  required  to  ascertain  by  what  processes,  chemical  or 
medianical,  or  both  chemical  and  mechanical,  the  surface  and  the 
submerged  rocks  have  become  hardened. 

By.  the  surface  rock  is  intended  that  thin  brown  crust,  composed 
of  numerous  layers,  which  is  distinguished  by  great  compactness, 
and  a  peculiar  ring,  when,  in  detached  condition,  it  is  struck  by  a 
hammer,  and  which  occurs  on  the  abrupt  ocean  side,  and  more 
abundantly  on  the  long  slopes  on  the  land  side  of  the  Keys. 

By  the  submerged  rock,  is  intended  the  rock  of  oolitic  appearance 
which  has  solidified  under  water,  and  which  is  of  inferior  hardness 
to  the  surface  rock. 

The  surface  rock,  so  called,  has  in  many  places  no  longer  the 
outermost  position,  though  it  had  at  the  time  of  its  formation.  It  is 
indeed  interstratified  with  friable  light-colored  limestone.  The  epithet 
indicates  the  circumstances  of  its  formation,  not  its  present  position. 

I.  We  are  familiar  with  the  fact  that  a  mixture  of  quicklime,  water 
and  sand,  spread  out  upon  walls  and  ceilings  exposed  to  an  atmo- 
sphere containing  more  or  less  of  carbonic  acid,  in  a  few  days  be- 
comes hard.  Analyses  have  shown  that  two  chemical  phenomena  are 
concerned  in  the  solidification,  to  wit  :  the  absorption  of  carbonic 
acid  irom  the  air,  forming  carbonate  of  lime  (which  salt,  uniting  in 
equivalent  proportions  with  the  hydrate,  forms,  according  to  Fuchsi 
a  compound  of  great  stability) ;  and  the  union  of  the  outer  portions 
of  the  sand-grains  with  the  lime,  forming  a  silicate.  Investigation  has 
shovm  that  sand  fulfils  mechanically  a  more  important  office,  by  in- 
creasing tjbe  extent  of  surface  to  which  the  compound  of  the  hydrate 
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and  carbonate  may  attach  itself.  The  latter  office  may  also  be  per- 
formed, and  equally  well,  by  palyerized  limestone. 

n.  It  is  well  known  that  calcareous  springs  deposit  carbonate  of 
lime  in  crystalline  forms.  The  salt  had  been  held  in  solution  by 
carbonic  acid  contained  in  the  water.  Upon  reaching  the  surface 
under  less  pressure  and  the  influence  of  a  high  temperature,  its 
carbonic  acid  is  given  up,  and  with  it  a  precipitate  of  carbonate  of 
lime  takes  place.  The  process  is  exclusively  chemical. 

III.  The  value  of  hydraulic  cements  is  now  conceived  to  depend 
chiefly  upon  the  presence  of  silica  and  lime,  the  oxide  of  iron  having 
little  or  nothing  to  do  with  the  process  of  solidification.  The  alumina, 
in  the  form  of  a  silicate,  yi*elds  its  silica  to  the  lime,  which,  for  its 
transportation,  requires  water.  This  explains  the  necessity  of  its 
being  retained  under  water  periods  of  variable  length,  according  to 
the  proportions  of  the  ingredients.  The  processes  are  both  chemical 
and  mechanical. 

IV.  Grypsum  from  which  two  atoms  of  water  of  crystallization  have 
been  expelled  by  heat,  rapidly  hardens  upon  being  mixed  with  wat^-. 
This  is  ascribed  to  the  reunion  of  the  sulphate  of  lime  with  the  water. 

Do  either  of  the  above  processes  suggest  the  method  by  which 
the  rocks  of  the  Florida  reefs  have  been  hardened  t 

The  facts  presented  in  the  furnished  specimens  are  as  follows  : 

The  rock  formed  under  water  exclusively  is  composed  of  grains 
of  size  less  than  that  of  a  mustard  seed,  which,  to  the  naked  eye, 
appear  quite  globular  and  of  uniform  diameter.  More  carefully  exa- 
mined with  a  microscope,  they  are  found  to  be  far  from  regular  in 
form  or  uniform  in  size,  but  present  numerous  depressions  and  pro- 
minences. Distributed  throughout  the  intervening  spaces  is  a  fine 
deposit  of  carbonate  of  lime,  which  adheres  with  considerable  tena- 
city to  the  surface  upon  which  it  rests. 

The  surface  or  crust-rock,  though  not  strictly  homogeneous,  is 
composed  of  particles  so  minute  as  not  to  be  distinguished  from  each 
other.  It  dissolves  in  hydrochloric  acid,  leaving  a  flocculent  residue. 
The  solution,  when  evaporated  to  dryness  and  ignited,  readily  re- 
dissolves  in  hydrochloric  acid,  with  only  an  occasional  residue.  The 
solution  gives  no  precipitate  with  chloride  of  barium.  Nitrate  of  silver 
gives,  in  a  nitric  acid  solution,  a  white  precipitate  soluble  in  am- 
monia. The  aqueous  extract  gives  to  alcohol  flame  the  characteristic 
soda  tint.  The  powdered  rock,  dried  at  100®  C,  when  heated  in  a 
dry  tube,  gives  off  water.  i 
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Thus  the  qualitative  analysia  of  the  incmBdng  rock  showed  it  to 
consist  of  lime,  soda,  car^nic  acid,  hydrochloric  acid,  water»  and 
organic  matter.  There  were  also  variahle  ti'aces  of  peroxide  of  iroD» 
magn^a  and  silica.  The  forn^er  two  were  wanting  in  most  of  the 
specimens  examined,  and  the  silica  in  some.  Numerous  specimens 
were  examined  for  alumina,  without  in  any  instance  finding  a  trace 
of  this  substance. 

In  a  quantitative  analysis  by  Homer  ; 

1    0,255  grammes  of  Bobstance  gaye  0,2830  gr.  of  oarbonate  of  lime. 

n.  0 ,  1745  gr.  of  Bubetance  gttv«^  with  a  Will  and  Freseniug  apparaiiu^  0 ,  06^  gr. 
of  oarbonic  acid. 

DL  0,172  gr.  of  substance  gave,  with  the  same  apparatus^  0^0685  gr.  of  car- 
bonic acid. 

IT.    1 ,289  gt,  of  sabetance  gave  to  a  chloride  of  caldmn  tube,  with  the  «d  of 

heat  and  an  aspirator,  0,028  gr.  of  water. 
T.    0,591  gr.  of  subatance  lost  by  prolonged  ignition  in  a  platinum  crnoiblc^ 

0,200  gr. 
▼L    0,685  gr.  of  substance  gave  0,0101  gr.  of  chloride  of  silrer,  oorrespoBdiag 

with  0,0025  gr.  of  ohlorinei  and 

with  5 ,  806  per  cent  of  chloride  of  sodium. 
VII.    0,876  gr.  of  substance  gave  0,0005  gr.  of  silica. 

Deducting  the  water  and  carbonic  acid  from  the  total  volatile  matter* 
we  have  the  organic  matter  =  6,92  per  cent.  It  is  conceived  that,  ail 
the  chlorine  present  is  in  combination  with  sodium*. 
The  above  determinatioas*  expressed  in  percents,  give 

i  H.  m.  rr .  T.  Ti.  ▼n. 

Ume...     51,17    51,17 

Carbonic  acid . .     84,88    84,01      84,24 

Water 2,17      2,17 

Chloride  of  sodium 5,81  5,81 

Silica 0,01  0,01 

Organic  matter 6,92  6,92 

100,82 

These  ingredients  permit  no  action  like  that  occurring  in  hydraulic 
cements,  in  which  siHca  plays  an  important  part ;  or  like  that  pro> 
Bonted  in  the  hardening  of  gypsum,  in  which  sulphuric  acid  is  ne* 
cessary.  To  one  of  the  two  remaining  processes,  if  to  either,  must 


*  As  soda  was  recognized  by  the  flame^  and  as  the  lime  is  equivalent  only  to 
the  water  and  carbonic  acid,  the  chlorine  has  all  been  referred  to  the  sodium.  If 
a  portion  were  in  combination  with  calcium,  it  would  not  materially  affect  the 
percentage  results^  and  not  at  all  the  view  taken  of  the  eauae  of  aolidifioation  oC 
the  reel 
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it  be  ascribed ;  and  as  bydrate  of  Kme  is  present,  it  cannot  be  ez* 
clnsiTelj  assigned  to  a  place  witb  calcareous  spring  deposits.  Now 
how  could  hydrate  of  lime  be  provided  from  carbonate  of  time  t 

The  completeness  of  the  suite  of  collections  provided  for  me  bj 
Prof.  AoAssiz  has  enabled  me  to  answer  this  question  in  sui^  a 
manner  as  leaves,  I  think,  little  room  for  doubt.  On  the  main  land 
against  the  Keys,  there  are  depressions  which  are  filled  with  water 
only  at  long  and  irregular  intervals.  This  water,  like  that  within  and 
about  the  keys,  abounds  with  animal  life.  As  the  water  evaporates, 
these  animals  die,  and  fall  upon  and  mingle  with  the  coral  mad  at 
the  bottom.  As  the  beds  become  more  and  more  completely  dry,  the 
layer  of  mud  and  animal  matter  hardens  till  it  forms  a  mass  re- 
sembling the  surface  or  crust  rock. 

Of  this  soft,  growing  rock,  specimens  were  collected.  Agitated 
with  water,  it  yielded  a  turbid,  fcBtid  solution.  Tested  with  acetate 
of  lead,  it  betrayed  the  presence  of  hydrosulphuric  acid.  After 
standing  some  hours,  a  delicate  white  film  was  deposited  upon  the 
containing  vessel,  at  the  surface  of  the  water,  which  proved  to  be 
carbonate  of  lime.  Test-paper  showed  the  liquid  to  be  alkaline.  The 
addition  of  soda  solution  set  ammonia  free,  and  the  addition  of 
chloride  of  barium  and  hydrochloric  acid  showed  the  presence  of 
sulphuric  acid. 

Conceiving  this  soft  rock  to  be  in  the  condition  in  which  the  so- 
lidified crust  was  at  first,  the  process  of  hardening  seemed  of  easy 
explanation. 

The  animal  matter  mixed  with  the  carbonate  of  lime,  containing 
sulphur  and  nitrogen,  besides  carbon,  hydrogen  and  oxygen,  in  the 
progresis  of  decay,  which  warmth  and  a  small  quantity  of  water  fa- 
cilitated, gave,  as  an  early  product  of  decomposition,  hydrosulphuric 
acid :  this,  by  oxidation  at  the  expense  of  the  oxygen  of  the  atmosphere, 
became  water  and  sulphuric  acid.  The  sulphuric  acid  coming  in  con- 
tact  with  carbonate  of  lime,  a  salt  soluble  in  10,600  parts  of  water, 
resolved  it  into  sulphate  of  lime,  a  salt  soluble  in  388  parts  of  water. 
The  carbonic  acid  set  free,  uniting  with  an  undecomposed  atom  of 
carbonate  of  lime,  rendered  it  soluble.  The  nitrogen  going  over  into 
the  form  of  ammonia,  at  a  later  period,  decomposed  the  sulphate  of 
lime,  forming  sulphate  of  ammonia  and  soluble  hydrate  of  lime.  This 
hydrate  of  lime,  with  an  atom  of  carbonate  of  lime,  united  to  form 
the  compound  in  ordinary  mortar  investigated  by  Fuchs.  The  car- 
bonate of  lime  in  solution  from  the  added  carbonic  acid,  as  the 
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water  is  withdrawn  by  eTftporation,  takes  on  tiie  crystalline  fomiv 
giving  increased  strength  and  solidity  to  the  rock. 

That  this  explanation  may  serve,  in  however  small  measure,  for 
the  crust  rock  on  the  land  slopes  of  Key  West  and  all  localities  of 
a  similar  character,  it  is  necessary  that  there  be  animal  exuviae  in 
coral  mud,  or  finely  divided  caibonate  of  lime.  Both  these  occur. 
The  water  about  the  Keys  abounds  in  animal  life. 

With  the  influx  of  the  tide,  the  slopes  become  overspread  with 
the  water  and  what  it  contains  in  suspension.  The  retreating  watei;* 
at  ebb  tide,  leaves  a  thin  layer  of  the  animal  matter,  mixed  always 
when  the  water  is  agitated  with  the  fine  calcareous  powder.  Before 
the  return  of  flood  tide,  exposure  to  the  atmosphere  and  warmth 
have  secured  the  succession  of  chemical  changes  enumerated  above, 
and  a  thin  layer  of  rock  is  formed.  A  repetition  of  this  process 
makes  up  the  numerous  excessively  thin  layers  of  which  this  rock  is 
composed. 

On  the  ocean  side  the  deposit  is  £ormeA  from  spray,  during  winds 
which  drive  the  froth  of  the  sea,  containing,  with  coral  mud,  the 
exuviao  from  the  barrier  of  living  corals  upon  the  low  blufi&  of  the 
keys. 

To  these  diemical  changes  must  be  added  the  simple  admixture 
of  the  animal  and  vegetable  matter,  which,  like  mucilage  or  glue, 
fills  up  the  interstices,  increases  the  extent  of  surface,  and  with  it 
the  cohesive  attraction ;  and  still  further  to  the  decomposition  of  the 
organic  matter  furnishing  carbonic  acid,  which  gives  solubility  to  the 
pulverulent  carbonate  of  lime. 

The  exceeding  fineness  of  the  coral  mud  is  due  in  part  to  the  stone 
plants  which  flourish  in  the  waters  within  the  reef,  and  which  admit 
of  ready  reduction  to  a  powder  of  extreme  fineness.  Of  these,  two 
species  of  Millepora  and  one  of  Opuntia  were  analysed  by  Scovxlli 
in  my  laboratory. 

Opuntia  gave  of 

Orgftmc  matter 4JB  6,7S 

Carboiuc  aoid   87/68  85 ,  81 

Lime 51,81  51,86 

Water 5,69  5,92 

99,26  98,81 
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MiLLEPORA  gave  of 

Organie  maUer 4,45  4,45 

Carboaie  acid 40,09  89,64 

Sulphuric  acid9 0 ,  0056  0 ,  0056 

Lime 47,71  47,98 

Water 8,67  8,80 

99,9156         99,0756 

Another  Millepora  gave  of 

•                           Organic  matter 1,S6  B,58 

Carbonic  acid 41,08  8,70 

Lime 46,85  46,80 

Magnesia   6,28  6,90 

Water 4,52 

100,44 

The  discrepanciee  in  the  analyses  of  the  different  specimens  of  the 
■ame  species  are  due  to  the  circumstance  that  different  parts  of  the 
stone  plant  contain  organic  matter  in  unlike  proportions  ;  and  it  is 
▼ery  difficult  to  procure  two  specimens  v^hich,  when  pulverized,  will 
present  homogeneous  powders  of  the  same  constitution. 

II.  Source  of  limb  or  the  eiiowvH  of  coeals. 

Marcet*,  as  early  as  1823,  observed  carbonate  of  lime  in  the  sea 
water  near  Portsmouth.  Jacksont  found  it  in  two  specimens  of  see 
water  furnished  by  the  United  States  Exploring  Expedition ;  one 
from  600  feet,  and  the  other  from  2700  feet  below  the  surface.  J. 
Davyt  found  the  sea-water  of  Carlisle  Bay,  Barbadoes,  to  contain 
J^^out  loooo^^  P*^  ^^ carbonate  of  lime.  There  was  found  scarcely 
a  trace  near  the  volcanic  island  of  Fayal.  M^ite||  is  of  the  opinion 
that  it  fails  only  near  the  surface ;  but  the  elaborate  analysis  by 
Bibra§,  of  no  less  than  ten  specimens  taken  generally  from  a  depth 
of  twelve  feet»  but  in  one  instance  from  a  depth  of  four  hundred  and 
twenty  feet»  in  various  latitudes  on  both  sides  of  the  equator,  shows 
quite  conclusively  that  it  is  not  a  constant  ingredient  of  sea  water. 

# 

*  Annals  of  Philosophy,  April  1828,  p.  261. 

f  Am.  Jour.  Science,  2d  S.,  Vol  v,  p.  4Y. 

X  Phil.  Magazine  (8X  zzzv,  p.  282. 

I  Id.,. p.  808. 

§  Ann.  de  Chemie  et  de  Phannade^  Izzvii^  9<X 
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His  anal3^es  do  not  mention  a  trace  of  carbonate  of  Ihne.  Tbe 
quantity  found  by  Davy  is  very  nearly  that  which  is  soluble  in  water, 
and  is  obviously  due  to  the  calcareous  marl  which  abounds  near  the 
Barbados. 

The  water  from  within  the  Keys  was  carefully  analysed  in  my 
laboratory  :  it  contained  lime  and  sulphuric  acid  among  its  ingre- 
dients, but  not  a  trace  of  carbonic  acid. 

The  total  want  of  carbonic  acid  in  a  water  in  which  coral  \\£e  is 
so  luxuriant,  suggests  naturally  that  the  stone  plant,  as  well  as  the 
coral  animal,  possesses  the  power  of  abstracting  lime  from  sulphuric 
acid  ;  the  change  being  due  to  double  decomposition  with  carbonate 
of  ammonia  excreted  from  the  plant  and  animal,  yielding  carbonate 
of  lime,  quite  insoluble,  and  sulphate  of  ammonia  of  the  highest 
solubility.  The  building  up  of  the  calcareous  skeleton  becomes,  upon 
this  hypothesis,  of  exceeding  simplicity.  The  surrounding  element 
yields  at  once  to  the  exhaling  carbonate  of  ammonia  the  framework 
of  stone. 

With  this  view,  there  is  no  difficulty  in  finding  a  supply  of  car- 
bonate of  lime  for  the  vast  masses  of  coral.  The  sulphate  of  lime» 
decomposed  to  furnish  the  carbonate,  is  perpetually  renewed  through 
rivers  from  the  continents  and  islands. 

The  following  inferences  are  legitimately  deducible  from  this  vievr: 

1st.  Corals  would  in  general,  other  circumstances  being  equal,  be 
more  likely  to  flourish  near  the  mouths  of  freshwater  streams. 

2d.  They  would  flourish  in  oceanic  currents  of  moderate  depth, 
at  no  great  distance  from  the  mouths  of  freshwater  streams. 

3d.  They  would  soon  die  in  bodies  of  salt  water  wholly  cut  off 
-  from  the  ocean. 

4th.  Th^  might  flourish  to  some  extent  in  waters  accessible  to 
the  sea  only  at  high  tide. 

The  second  inference  expresses  the  condition  of  the  Florida  reefi 
with  regard  to  the  waters  of  the  Mississippi.  Dana,  in  his  Article  vi 
^  on  Coral  Reefs  and  Islands*,  remarks  :  *'  It  would  almost  seem  as 
if  corals  grew  best  near  freshwater  streams."  In  the  same  paper, 
the  author  remarks  of  the  influence  of  tidal  or  local  marine  currents 
upon  the  production  of  harbors  about  coral-bound  islands.  In  Part 
n  of  the  same  paperf,  he  states  that  **  where  there  b  an  open  chan- 

*  Bfllimflii  <fc  Dana,  Am.  Joar.  Sdenee^  Sd  Seriofl^  No.  87,  pu  84  to  41. 
f  lb.  id.,  Ka  84»  p.  8e. 
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nel,  or  the  tides  gain  aocess  over  a  barrier  reef,  corals  eontinae  to 
grow,  etc.  At  Hennake  the  sea  is  shut  out  except  at  high  water,  and 
there  were  consequently  but  few  species  of  corab,  etc.  At  Ahii  there 
was  a  small  entrance  to  the  lagoon  ;  and  though  comparatively  shal- 
low, corals  were  growing  over  a  large  portion." 

These  facts  seem  to  me  to  give  some  consideration  to  the  view 
expressed  above. 

It  was  of  interest  to  ascertain,  in  the  case  of  corals,  whether  the 
jCbrmation  of  new  coral  without  was  attended  with  absorption  or 
partial  solution  in  the  interior,  and  a  corresponding  reduction  of  its 
specific  gravity.  Specimens  of  coral,  from  the  centre,  periphery,  and 
midway  between,  of  a  mass  of  Meandrina  a  foot  in  diameter,  were 
reduced  to  powder,  washed  with  hot  water  until  the  chloride  of 
sodium  was  all  removed,  and  their  specific  gravity  ascertained  by 
Stoker.  The  average  of  three  specimens  from  the  centre,  three  from 
the  middle,  and  two  from  the  periphery,  gave  the  following  specific 
gravities  : 

Oentre.  Middle.  Peripliery. 

2,695  2,749  2,786 

These  results  so  far  support  the  affirmative  of  the  suggestion  above, 
as  to  make  a  repetition  of  the  determinations  desirable. 

The  chief  conclusions  to  which  the  above  research  has  conducted, 
are  : 

I.  That  the  submerged  or  oolitic  rock  has  been  solidified  by  the 
infiltration  of  finely  powdered  (not  dissolved)  carbonate  of  lime, 
increasing  the  points  of  contact ;  and  the  introduction  of  a  small 
quantity  of  animal  mucilaginous  matter,  serving  the  s^e  purpose 
as  the  carbonate  of  lime,  that  of  increasing  the  cohesii^  attraction, 

II.  That  the  surface  rock  has  been  solidified  by  having,  in  addition 
to  the  above  agencies,  the  aid  of  a  series  of  chemical  decompositions 
and  recompositions  resulting  in  the  formation  of  a  cement. 

And  I  may  add  that  it  lends  support  to  the  suggestion, 

III.  That  the  carbonate  of  lime  of  corals  is  derived  from  the  sul- 
phate in  sea-water,  by  double  decomposition  with  the  carbonate  of 
ammonia  exhaled  from  the  living  animal. 

I  examined,  also,  all  the  species  of  coral  at  my  command,  withoat 
finding  a  trace  of  alumina  in  any  of  them.  The  hydrochloric  acid 
solution  of  the  coral  was  precipitated  with  ammonia.  The  washed 
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precipitate  was  digested  for  several  hours  with  potassa  (preyiously 
tested  for  aluiniDa)«  and  filtered.  The  filtrate  was  then  neutralized 
with  hydrochloric  acid*  and  ammonia  added.  After  standing  for 
several  hours,  there  appeared  filaments  which  were  soluble  neither 
in  potassa  nor  nitnc  acid,  and  which,  examined  with  a  microscope, 
proved  to  be  paper  :  they  had  been  derived  from  the  filter.  Beside 
these,  there  was  no  precipitate.  The  quantities  employed  were,  in 
several  instances^  from  a  quarter  to  half  a  pound  of  material 
There  were  examined, 

liillepora  alieorajs;  * 

Keandrina  Iftbyrmthiea,  two  fpeoiiiieiia ; 

Hmioin*  palmaU; 

Mycidia  areolata; 

Astnea  microcosmoe^  two  specimens ; 

Rock  sabaerial,  and  Rook  subnuuiney  nnmerovs  8peeimen& 

NoTB.  In  the  preceding  analyses,  the  lime  due  to  the  water, 
forming  a  hydrate,  is  as  9  :  28  as  2,17  :  6,75»  Deducting  this 
from  the  total,  51,17  —  6,75  a=  44,42,  we  have  the  lime  combined 
with  carbonic  acid.  Calculation  required  34,90CO,  :  determination 
gave  34,24. 


On  the  Analysis  of  Urinary  Calculi.    By  Professor  J. 
Lavtrencb  Smith. 

[  Not  received.] 


9.    Analyses  of  Observations  of  the  Soils  ow  Pike  County, 
ScioTE  Valley,  Ohio.    By  D.  A.  Wells,  of  Cambridge. 

[  J^  received.] 
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10.  Oir  THE  Homologies  of  the  Alcohols  and  their  Dbbita- 
TivES.  By  T.  S.  Hunt,  of  the  Greological  Commiaeion  of 
Canada* 

BiIr.  Hunt  commeDced  by  defining  the  nature  of  the  terms  hoftuh 
liigue  and  homologoui,  as  applied  to  the  constitution  of  organic  bodies, 
and  proceeded  to  lay  down  several  distinctions  which  the  present 
state  of  the  science  rendered  necessary. 

Horaologues  may  be  either  formal  or  Junctional.  Formal  homo- 
logues  are  those  which  may  be  represented  by  the  same  general 
formula,  but  do  not  by  their  transformations  afford  any  eyidence  of 
similarity  in  their  constitution  :  they  may  be  isomeres,  as  glycocoll 
and  nitrous  ether,  or  the  functional  homologues  of  one  and  the  other 
of  these. 

Functional  homologues  undergo  similar  transformations,  and  afiR:>rd 
products  themselves  homologous ;  e.  g.  the  alcohols  (CHJnO,  vi^ich 
yield  hydrocarbons  (CH,)n  and  acids  (CHa)nO.  They  are  spedak 
when,  of  a  series,  one  of  the  products  of  the  decomposition  is  always 
the  same,  while  the  others  are  homologous ;  as,  for  example,  the 
acetic  ethers,  all  of  which  yield  on  the  one  hand  acetic  acid,  and  on 
the  other  homologous  alcohols. 

When  neither  the  one  or  the  other  of  the  factors  is  specifically 
the  same,  but  both  of  the  products  of  one  member  of  the  series  are 
homologues  of  those  of  another  member,  the  homology  is  still  fancr 
tional,  but  may  be  said  to  be  a  general  functional  homology ;  e.  g. 
the  ethers  of  different  alcohols  with  different  acids  of  the  series 
(CH2)n02.  Greneral  homologues  always  include  special  homologues. 

Special  functional  homologues  may  be  isomeres,  as  in  ethers  or 
amids  of  bibasic  acids ;  e.  g.  methylic  ether  and  vinic  alcohol,  the 
binamids  of  methamine  with  a  binamid  of  ammonia  and  ethamine. 

In  order  to  constitute  a  special  homologue,  it  is  further  necessary 
that  the  factor  which  remains  specifically  the  same,  be  the  generic 
or  typical  one ;  for  the  two,  as  will  be  shown,  are  identical. 

In  another  essay,  I  have  shown  that  the  body  containing  hydrogen 
replaceable  by  a  metal  (saline  hydrogen)  is  to  be  invariably  received 
as  the  parent  substance  :  hence  water  is  the  type  of  all  acids,  oxyds, 
alcohols,  etc. ;  and  acids  are  at  once  the  generic  type  and  parent  of 
their  derived  ethers,  amids,  etc. 

The  alcohols  differ  from  water  by  (GH«)n,  and  water  is  their 
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fttuctional  bomologue.  Tbe  ietben  are  ako  special  fanctiona]  bomo- 
logues  of  their  respectire  acids.  When  an  acid  reacts  upon  an  al- 
cohol, water  and  an  ether  are  formed,  in  both  of  which,  as  well  as 
ill  the  original  sabstanoe,  the  aqaeons  type  is  preserved.  Hence,  as 
in  all  double  decompositions,  the  reacting  species  regenerate  them- 
selves generically  :  the  species  chaitge,  but  the  genera  are  preserved. 
Ampere's  theory  of  the  double  decomposition  between  HH  and 
01C1,  producing  HCl,  HCl,  is  one  which  represents  every  case  of 
double  decomposition. 

Mr.  Hunt  deduced  from  this  some  considerations  as  to  the  nature 
of  chemical  activity  and  molecular  forces,  and  then  proceeded  to 
apply  to  the  alcoholic  derivatives  the  principles  above  defined.  He 
entered  at  length  into  the  theory  of  the  formation  of  the  orgatiic  al- 
kaloids, and  of  the  action  of  reducing  agents  upon  nitric  compounds, 
and  explained  the  theory  of  the  formation  of  the  compound  am- 
monias. The  new  alkaloid  of  M.  Hofmann,  containing  tbe  elements 
of  ammonia  and  4  equivalents  of  alcohol,  was  shown  to  be  hydrated 
oxyd  of  tetraethammonium,  and  to  be  in  effect  a  special  functional 
homologue  pf  hydrate  of  potassa  (RH)0»  to  which  its  properties  bear 
a  close  resemblance. 

The  author  terminated  his  memoir  by  a  sketch  of  all  the  different 
genera  of  compounds  which,  have  been  derived  from  the  transform- 
ation of  the  alcohols. 


11.      EXPEBIMENTS   ON   THE   VOLATILIZATION   OF   PHOSPHORIC    AciB 

IN  Acid  Solutions.     By  Orange  Judd,  Yale  Laboratory. 

In  the  American  Journal  c^ Science  of  May  last,  Mr.  Bunce  published 
some  experiments,  which  show  that  phosphoric  acid  volatilizes  when 
evaporated  in  an  acid  solution,  and  that  in  some  cases  the  loss  of 
PO5  from  this  source  is  very  great. 

In  analysing  the  ash  of  plants,  I  have  attempted  to  avoid  any  loss 
arising  from  this  source,  by  precipitating  the  PO0  before  evaporating 
to  separate  silica ;  and  afterwards  separating  the  silica  carried  down 
with  phosphate  of  iron,  and  subtracting  it  before  calculating  the 
PO,.  This  process,  though  troublesome,  must  be  preferable  where 
there  is  any  liability  to  loss  of  PO5  by  evaporating  in  an  acid  solution. 

After  some  experiments  of  this  kind,  I  prepared  an  artificial  ash, 
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by  thoroughly  mixing  carbonate  of  potash,  chloride  of  pot 
phosphate  of  soda,  soda,  lime,  snlphate  of  magnesia,  and  a  fused 
mass  of  silica  and  carbonate  of  soda.  Ten  determinations  of  the 
PO5  in  the  mixture  were  then  carefully  made,  upon  nearly  equal 
quantities.  The  Ist,  3d,  dth,  7th  and  9th  trials  were  made  by  evapo- 
rating first  to  separate  the  silica  (the  3d  and  7th  being  evaporated 
more  rapidly  than  the  others) ;  and  the  2d,  4th,  6th,  Sth  and  lOtk 
determinations  were  made  without  first  separating  the  silica.  The 
results  were  as  follows  : 


Silica  nit6T  separated. 

POs  nssT 

FKEOIFRATKD. 

PeroenUge  of  PCs . 

(1)            17,38 

{^} 

17,9SK 

(3)            17,16 

(4 

17,81 

(5)             17,30 

W 

18,88 

(7)            17.24 

(8) 

17,47 

(9)            17,28 

(10 

18,10 

Mean  17,27. 

Mean  17,97 

Difference  in  favor  of  new  procesa^  0,70  per  cent 

Several  grammes  of  the  same  mixture  were  then  dissolved  in  HCl 
in  a  glass  retort,  and  distil1e<l  nearly  to  dryness.  The  distillate  gave 
the  reaction  for  PO^  with  molybdate  of  ammonia ;  but  yielded  a 
very  small  precipitate  with  MgO  SO,,  after  standing  24  hours. 

These  experiments,  together  with  those  made  by  Mr.  Bunce,  in- 
dicate that,  combined  with  some  bases,  this  acid  volatilizes  rapidly, 
while  with  others  it  does  not  volatilize  to  any  great  degree. 

In  ashes  and  soils  similar  in  composition  to  the  above  mixture, 
there  would  be  no  great  loss  in  the  ordinary  evaporation  for  silica ; 
while  in  those  in  which  soda  predominates,  a  loss  of  at  least  several 
per  cent  of  PO5  would  be  expected,  unless  some  base  were  present 
which  would  fix  the  PO5. 

These  experiments  only  add  to  the  feeling  among  practical  che- 
mists, that  there  is  comparatively  little  dependence  to  be  placed  upon 
the  present  methods  of  determining  this  acid ;  and  it  is  sincerely  to 
be  hoped  that  some  more  satisfactory  method  will  soon  be  discovered 
for  its  isolation  and  determination. 


12.    Note  on  Ammonia  in  the  Atmosphere.    By  Prof.  E.  N. 
HoRSFORO,  of  Cambridge. 

[Not  received.] 
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13.    Analysis  of  trb  Ash  of  a  Cotton  Stalk.    By  Orange 
JuoD,  Yale  Analytical  Laboratory. 

WHn.E  comparing  the  composition  of  the  ash  of  several  agricultural 
products  with  that  of  the  soils  upon  which  they  are  grown,  I  was 
surprised  to  find  an  almost  entire  absence  of  published  analyses  of 
the  ash  of  one  of  the  principal  staple  products  of  our  country,  tix. 
the  Cotton  Plant. 

I  know  of  no  recorded  analyses  of  the  wK  of  this  plant,  except 
one  of  the  roool  and  another  of  the  «ee<Z,  made  by  Prof.  W.Shbphbbd, 
and  published  in  the  second  volume  of  the  Patent  Office  Reports  for 
1849  -  50.  Happening  to  have  in  my  possession  a  stalk  of  the  variety 
caUed  Mexican  Green,  I  made  some  experiments  with  the  ash  in 
June  and  July.  This  stalk  I  pulled  on  the  19th  of  December  last, 
after  the  close  of  the  "  picking  season,"  from  a  plantation  in  Louis- 
iana opposite  to  Bruinsburg  on  the  Mississippi  river.  The  stalk  was 
of  medium  size,  and  bore  about  450  buds.  The  lower  branches  and 
root  were  not  preserved.  After  several  days  drying  in  the  water  bath, 
three  determinations  of  amount  of  ash  gave, 

New  TOOL  Middle.  SeeCloft  of  vpper  bnaehes. 

8,001  percent  8,002  per  eent  8,419  percent 

Mean  percentage  of  aah,  8,141. 

The  ash  was  freely  soluble  in  HCl ;  and  a  qualitative  analysis  showed 
the  presence  of  KO+CaO+MgO+SiOa+CO.+POs+SOa+Cl, 
and  the  absence  of  any  trace  of  NaO  or  Fe.  To  avoid  a  possibility 
of  loss  of  POj  by  evaporation,  at  the  suggestion  of  Prof.  Norton, 
I  first  precipitated  the  P0«  with  oxide  of  iron  and  ammonia,  and 
afterwards  separated  and  subtracted  the  silica  carried  down  with  the 
NH4O  precipitate. 

As  it  has  been  proved  that  under  certain  circumstances  P0| 
evaporates  (see  paper  by  Mr.  Bunce  in  American  Journal  of  Science 
of  May  1851),  it  is  probably  best,  generally,  to  adopt  the  above  me- 
thod in  determining  PO,  when  silica  is  present,  until  it  is  satisfacto- 
rily ascertained  under  what  circumstances  PO»  volatilizes,  and  when 
it  does  not. 

Two  or  more  determinations  of  each  element  were  made,  with  the 
following  results  : 
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L 

Potash 28,46 

Lime 19,92 

3lagne8ia 8»07 

Chlorine 0,67 

Pbowphonc  acid,    28 ,  89 
Sulphuric  acid  . .     2,79 

Silica 2,49 

Carbonic  add ...  18 ,  98 
Charcoal  and  sand,  8,71 


XL 

UL 

Mem. 

24,72 

• . .  ■ 

24,09 

19,72 

.... 

19,82 

8,01 

.  •  •  • 

8,04 

0,49 

.... 

0,58 

27,98 

•  • .  k 

88,44 

2,89 

2,96 

2,88 

2,80 

2,68 

2,M 

14,86 

.... 

14,82 

8,70 

8,89 

8,76 

99,62 


Rejecting  the  charcoal,  sand  and  carbonic  acid,  and  calcuiadng  upon 

100  parts,  we  have 

Potash 29,68 

Lime 24,84 

Magnesia   8,78 

Chlorine '  0,66 

Phoiphorio  acid  .  84 ,  92 

Sulphuric  acid  . ,  8,64 

Silica 8,24 


100,00 


The  easy  fusibility  of  the  ash  prevented  a  more  complete  sepantioi 
of  charcoal  and  sand.  All  error  from  this  source,  however,  was  avoided 
bj  thoroughly  mixing  and  grinding  the  whole  ash  together  m  • 
mortar. 

The  above  analysis  of  one  plant,  from  a  single  locality,  can  only 
give  an  approximate  view  of  the  characteristic  composition  of  die 
ash  of  this  important  staple  product.  A  complete  determination  will 
require  a  large  number  of  experiments  upon  the  different  varietieB, 
ft-om  several  localities ;  as  well  as  separate  experiments  upon  the 
stalk,  leaves,  seed  and  wool,  and  at  different  periods  of  growth. 


14.  Analysis  op  thr  Brain  of  the  Ox.    By  Dr.  D.  Brkbih  of 

New-York. 

"Water  in  the  cerebrom. ...  78,70 

Water  in  the  cerehellnm  . .  78,86 

Ash  in  fhB«h  Bnbstonoo  ....  1 ,44 

Ash  in  dry  Bubttance......  6,88 
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Fyrophotphate  of  potaesa  .48,14 

—  of  6oda....  20, 8» 

—  of  lime....     5,69 

—  of  magnesia,    2,61 

—  ofiroii.«..    0,61 

CSiloride  of  sodium 5,86 

Free  phosphoric  acid 14,96 

Silicic  acid 0, 84 

Sulphur a  trace 

99,05 
The  preceding  results  are  from  a  brain  burned  i/i^ithout  adding 
any  substance ;  but  a  second  brain  was  burned  after  being  rubbed 
to  an  emulsion  witb  baryta  (BaO),  yet  the  latter  gaye  no  more  phos* 
phoric  acid  than  the  former.  In  the  last  combustions  of  brain,  lime 
has  been  used  with  most  gratifying  success;  but  there  is  doubt 
whether  any  base  is  necessarily  added,  except  to  keep  the  ash  from 
fusing  into  a  mass. 


16*    Analtsib  op  the  Cucvmbsr  (Cwmmu  sativus}.    By  J.  H. 
SALiSBimT,  M.  Dm  of  Albany. 

Two  varieties  only  were  examined  :  the  Early  Long  PricMyy  and 
the  White  Spine.  They  were  in  a  fit  condition  for  table  use.  Length 
of  the  fruit  of  the  Early  Long  Prickly,  6^  inches;  diameter,  1| 
inches.  Length  of  the  fruit  of  the  White  Spine,  6  inches ;  diameter, 
1}  inches. 

mCENTAOX  or  WATO,   DRT  UATtEE^  AKD  ASH  OF  FEUIT. 

Long  Prieklj.  White  Spine. 

Water 96,864  96,605 

Dry  matter 8,686  8,895 

AA 0,362  0,882 

Ash  in  dry  matter,      9 ,  955  11 ,  262 

In  the  fruit  of  this  plant,  we  see  a  remarkable  instance  of  the 
extent  to  which  water  may  exist  in  a  vegetable  :  but  about  3^  Iba* 
of  dry  matter  ia  contained  in  100  lbs.  of  the  fresh  fruit.  One  ton 
would  contain  but  about  70  lbs.  of  dry  matter  :  hence  one  ton  of 
fresh  cucumber  fruit  has  less  dry  matter  than  1^  bushels  of  wheat. 
One  ton  of  the  fruit  of  the  Long  Prickly  contains  of  inorganic  mat- 
ter, 7,24  lbs. ;  one  ton  of  the  White  Spine,  7,44  lbs.  27624  lbs.  of 
the  fresh  fruit  of  the  Long  Prickly  variety,  and  26178  lbs.  of  the  fresh 
fruit  of  the  White  Spine  variety,  give  each  100  lbs.  of  inorganic 
matter.  These  100  lbs.  of  inorganic  matter,  in  each  case,  are  con- 
stituted aa  fellows  : 
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lOOlb&MB  or 

Carbonic  Add   18,25  UM 

Silicic  acid 0,70  0,80 

Phosphoric  acid 18 ,  90  17 ,  26 

Phosphate  of  iron  ...  8 ,  10  2,74 

Lime 4,80  4,40 

Magnesia   0,20  0,84 

Potash 28,20  28,80 

Soda 88,76  88,86 

Chlorine 1,10  1»46 

Sulphuric  acid 0,90  1,40 

Organic  matter trace  trace 

99,40  98,42 

The  inorgaaic  matter,  as  is  seen,  is  composed  mostly  of  phosphoric 
.acid,  potash  and  soda  :  this  would  indicate  that  ashes,  bones*  and 
common  salt  would  be,  properly  combined,  an  excellent  inorganic 
food  lor  them. 

PBOXnCATB  OBOA2IIO  AWALTUBb 
lOOlbs-ofLoogPrieUy.  100  lbs.  of  WU1»  Sptaa. 

FrMkfruiC  Dryfhiit.  Frnk  Ihut.  Dfy  ftviL 

Albnmen   0,886  7,778  0,847  7,699 

Casein 0,040  0,872  0,062  1,867 

Dextrine 0,864  7,786  0,264  6,894 

Sugar  and  extract,  2,826  67,766  8,086  0,066 

SUrch 0,002  0,044  0,008  66,624 

Chlorophyll 0,006  0, 182  0,006  0, 108 

Fat,  wax  and  resin,  0,081  0,682  0,029  0,629 

Rhre 0,961  21,000  0,826  17,924 


Dry  matter 4,676        100,000  4,672        100,000 

Water 96,864  96,849 


99,980  99,921 

Besides  the  above  bodies,  the  cucumber  contains  a  small  quantity  of 
malic  acid,  and  a  still  smaller  percentage  of  citric^ 

One  ton  of  the  fresh  fruit  of  the  Long  Prickly  variety  contains  of 
SQgar,  56,52  lbs. ;  of  albumen  and  casein,  7,8  lbs. ;  of  dextrine  and 
starch,  7,12  lbs.  One  ton  of  the  fresh  fruit  of  the  White  Spine  va- 
riety contains  of  albumen  and  casein*  8,18  lbs. ;  of  dextrine  and 
starch,  5,34  lbs. ;  of  sugar,  60,72  lbs.  By  far  the  greater  portion  of 
the  dry  matter  of  the  cucumber  is  sugar. 

UlTDCATS  OBOANIO  ANALYSIS  OF  mnT. 

LongPrioldy.  While  Bi»iMy 

Nitrogen 1,286  1,801 

Oxygen  41,806  41,882 

Carbon 40,984  40,467 

Hydrogen  ...     6 ,  670  6 ,  728 
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16.  On  Phosphoric  Acid  in  Normal  Human  Urine.    By  Dr. 
D.  Breed,  of  New- York. 

Notwithstanding  the  importance  of  all  knowledge  appertaming  ta 
physiology  and  patfaologyt  neither  chemist  nor  physician  has  hereto^- 
fore  made  any  considerable  research  in  relation  to  phosphoric  acid 
in  urine ;  but  the  accurate  and  expeditious  method  for  the  determi- 
nation of  phosphoric  acid  proposed  by  Prof.  Liebig,  forbids  our 
remaining  longer  in  ignorance  of  facts  which  may  be  of  great  value 
in  the  treatment  of  disease.  This  method  consists  simply  of  the  tri* 
tnration  of  urine  with  a  solution  of  the  perchloride  of  iron,  until  the 
filtrate  from  the  mixture  gives  the  well  known  blue  reaction  vrith 
ferrocyanide  of  potassium.  It  is  based  upon  the  fact  that  either  a 
neutral  or  acetic  acid  solution  of  phosphoric  acid  gives  with  per* 
chloride  of  iron  an  insoluble  precipitate^  whilst  the  peroxide  of  iron 
is  readily  dissolved  by  acetic  acid.  If  a  solution  of  phosphoric  acid* 
containing  acetate  of  soda,  be  treated  with  perchloride  of  iron,  we 
have  the  following  reaction  : 

PO5  +  3(NaO  A)  +  Pe,  CI,  =  Pe.  O,  PO,  +  3(NaCl)  +  3A. 

The  solution  of  perchloride  of  iron  is  most  conveniently  made  by 
dissolving  in  nitro-hydrochloric  acid  15656  grammes  of  iron,  and 
evaporating  to  dryness  to  expel  the  excess  of  acid ;  then  adding 
nitric  acid,  and  again  evaporating  to  prevent  the  existence  of  proto- 
chloride,  and  afterwards  redissolving  the  product  in  2000  cc.  of 
water.  Every  cc.  of  this  solution  will  precipitate  ten  milligrammes 
of  phosphoric  acid. 

Instead  of  the  above,  a  solution  of  the  perchloride  of  iron  of  un- 
known strength  may  be  used,  and  the  iron  be  determined ;  or  the 
strength  of  the  solution  of  iron  may  be  found  by  trituration  with  a 
solution  of  phosphoric  acid  of  known  sti'ength.  In  all  the  above  me- 
thods, the  solution  of  iron  must  be  free  from  protochloride. 

If  the  urine  of  which  we  would  determine  the  phosphoric  acid 
has  become  alkaline  by  the  decomposition  of  urea,  some  of  the 
phosphoric  acid  may  have  been  precipitated  with  lime  or  magnesia, 
and  it  may  be  necessary  to  dissolve  the  precipitate  by  a  few  drops 
of  hydrochloric  acid.  The  urine  is  measured,  and  shaken  well  :  with 
a  pipet,  100  cc»  or  more  are  drawn  oiT  into  a  beaker  glass ;  acetate 
of  soda  (much,  if  hydrochloric  acid  has  been  used)  and  free  acetic 
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add  are  added.  Thi  urine  is  then  treated  yMx  a  aolation  of  per- 
chloride  of  iron  from  a  burette ;  frequently  testing,  until  the  plios- 
phoric  acid  is  saturated,  and  we  have  a  drop  of  iron  in  excess.  To 
test  for  iron  in  excess,  lay  a  filter  on  a  white  porcelain  plate,  or  on 
a  glass  supported  by  white  paper,  and  moisten  it  slightly  with  ferro- 
cyanide  of  potassium  :  with  a  glass  rod  bearing  a  drop  of  urine, 
press  a  double  filter  upon  the  paper  containing  the  ferrocyanide  of 
potassium ;  and  if  there  be  an  excess  of  iron,  in  three  or  four  seeonds 
we  have  the  blue  reaction.  Noting  the  quantity  of  the  solution  of 
perchloride  of  iron  used,  we  proceed  in  like  manner  with  two  odier 
portions  of  urine  :  if  the  results  agree,  we  then  calculate  the  amomit 
of  the  solution  of  iron  required  for  all  the  urine,  from  what  was 
found  necessary  in  100  cc. ;  and  multiplying  the  number  of  cc.  re- 
quired in  all  by  the  amount  of  phosphoric  add  known  to  correspond 
to  one  cc.  of  the  iron,  we  have  the  amount  oi  phosphoric  acid  in  the 
whole  urine.  By  this  method,  a  physician  who  has  but  little  leisure 
may  make  each  day  many  determinations  of  phosphoric  acid. 

The  amount  of  phosphoric  acid  from  an  individual  in  health,  and 
partaking  of  a  uniform  diet,  is  nearly  uniform  ;  but  experiments  now 
being  made  show  that  diet,  disease,  and  medicines  vary  the  amount 
of  phosphoric  acid  from  the  normal  standard. 

These  considerations,  whilst  they  show  the  necessity  of  a  more 
extensive  and  varied  course  of  experiments,  indicate  diat  &rther  re- 
search may  lead  to  discoveries  in  regard  to  the  constituents  of  urine, 
which  may  be  of  the  highest  importance  in  therapeutics.  Front, 
Bright,  and  others  have  but  opened  a  field  of  labor  and  discoverj, 
upon  which  the  chemist  is  now  earnestly  called  to  enter.  Numerous 
statistics  in  regard  to  normal  urine  from  individuals  of  difierent 
temperaments  and  modes  of  living,  are  first  necessary. 

Pathologists  must  critically  observe  the  effects  of  various  maladies 
upon  the  urine*  ;  and  then  we  shall  have  data  whence  to  reason,  and 
possibly  to  discover,  not  only  the  causes  and  cure  of  calculus  without 
the  use  of  the  surgeon's  knife,  but  light  also  may  be  thrown  upon 
the  treatment  of  many  other  diseases  which  now  baflSle  the  skill  of 
the  physician. 

*  Dr.  Bbeep  has  diocorered  phosphoric  aeid  in  a  flaid  which  Pro!  Yogel  of 
Gieaeen  obtained  by  the  operation  of  paracentesis  abdominia.  From  3106  ec;  of 
the  fluid,  4,648  grammes  of  phosphoric  acid  were  procured.  In  the  urine  of  this 
patient  during  twenty-four  hours,  only  1,2  grammes  of  pho^horio  add  were 
fbond. 
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JDeterminatian  of  Phosphtme  Acid  in  Urine. 

The  fallowing  results  were  obtained  from  the  urine  of  four  per- 
Bons  — mostly  from  that  of  one  : 


Urine  of  U  hoon. 

Fhosphorie  add. 

UriBeofMhouB. 

PlKMpliorioacld. 

1646 

CO 

2,118 

grammeiw 

1607 

CO 

9,831 

grammeB. 

1160 

« 

2,909 

M 

2076 

« 

4,836 

II 

1690 

« 

8,454 

V 

1208 

tt 

2,719 

II 

1676 

« 

2,611 

(( 

1640 

tt 

2,887 

II 

1462 

i< 

8,647 

« 

2666 

tt 

6,051 

II 

1462 

u 

8,647 

tt 

1777 

tt 

8,126 

II 

•1707 

tt 

8,744 

tt 

2068 

M 

8,888 

II 

•1707 

(( 

8,744 

tt 

1768 

II 

8,407 

i< 

•1701 

« 

6,447 

tt 

986 

11 

8,884 

II 

•1701 

« 

6,447 

tt 

1661 

" 

8,941 

" 

♦1880 

(( 

2,862 

tt 

1916 

11 

4,946 

II 

•1380 

« 

2,862 

tt 

740 

II 

2,628 

II 

Average.  1000  cc  gives  2,817  grammes  phoepbotic  acid ;  24  hours  gives  1610  oc 
mine,  and  8,782  grammes  phosphoric  acid. 


JUndt$  from  a  penon  who  drank  an  exeest  of  three  pints  of  water  daily. 

Urhie  of  84  hoan.       Phoephorio  add. 
2470  cc  4,288  grammes. 

2407    "  4,274     " 

1548    "  4,006     " 

1919    "  4,844     « 

AvnAOE.  In  1000  cc  urine,  2,027  grammes  phosphoric  acid ; 

in  24  hours,  2086  cc  urine  and  4,228  grammes  phosphoric  acid. 


RemUe  from  a  person  who  drank  hut  half  his  usual  amount  of  fluid 

Urine  of  24  hoors.       Fhoaphoric  add. 

787  cc  8,807  granmies. 

1220    "  4,218     " 

960    **  8,904     " 

997    "  4,188     " 

AvEEAGK  In  1000  cc  of  urine,  4^062  grammes  phosphoric  acid ; 

in  24  hours,  988  cc  urine,  4,015  grammes  phosphoric  acid. 


*  Average  of  two  days. 
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RenUU  from  urtiie  mereted  dmrimg  the  waking  houn,  imd  during  ikom  tf  dt^ 


Urtne. 

627  00 

627  " 

660  " 

650  " 

671  " 

671  " 

685  " 

635  *• 

980  " 


Fbospborlo  MkL 
1,472  gnunmo& 
1,472  •* 
1,169  " 
1,169  •• 
2,386  *• 
2.386  " 
0.999  •* 
0,999  " 
1,611     " 


noiR 


Urine. 
640  00 
360  " 
460  " 
326  " 
826  " 
462  " 
185  " 
416    " 


Plioiphorie  add. 
1,083 
1.268 
1,22S 
0,634 
0,634 
0.927 
0,628 
1.364 


Atraqbl  In  1000  co  urine,  2,284  grammes  phosphoric  acid; 

in  24  hours,  1864  oo  urine  and  4,234  grammes  phosphoric i 


Urine. 

Pbosphorlo  add. 

Urine. 

Ph<Mpharieadd. 

836  CO 

2. 174  grammes. 

1078  cc 

2,277  gramme! 

885    " 

2,174    " 

1236    " 

2,374     " 

1067    " 

2,676    " 

626    " 

2.127     " 

1068    " 

2,676     " 

766    " 

2.867     " 

1030    " 

4.061     " 

1108    " 

2,718     « 

1080    " 

4,062     " 

1464    " 

4,019     •* 

745    " 

1,904     " 

666    " 

1.796     - 

745    " 

1,904     " 

Atxraqbl  In  1000  oc  urine,  2,763  grammes  phosphoric  acid ; 

in  24  hours.  1748  cc  urine  and  4^831  grammes  phosphoric  aeid. 


JUntltt  from  a  perton  who  drank  an  exeeu  of  water. 


Urine. 

Fboepborie  add. 

1060  CO 

1,361  grammes. 

910    " 

1,496     " 

230    " 

0,827     " 

486    " 

0,934     " 

Atxragk  In  1000  cc  urine.  1 ,766  grammes  phosphoric  acid. 


Di4T. 


Urine. 
1420  cc 
1497    " 
1818    " 
1484    •* 


Phosphoric  add. 
2.986  grammes. 
2.781     " 
8,179     " 
8,410    *• 


Atxragk    In  1000  cc  urine,  2. 180  grammes  phosj^oric  add. 
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BenJU  fnm  a  penon  tsho  drank  very  UUU, 


"'  tTrtne.  Pbotphorie  add. 

>^  246  oc  1,182  grammea 

877    "  1,549     " 

486    •*  0,988     " 

882    «  1,616     " 

AvsRAOB.  In  1000  ee  of  nrine^  8,697  grammeB  phodphorio  aeid. 

DAT. 

Urine.  Pho0pborie  add. 

642  00  2,764  grammw. 

848    *•  2,668     " 

616    "  2,617     " 

AvsRAGX.  In  1000  urine,  8,979  grammes  phoepborio  acid. 


Re9uU$  from  urine  eeereted  be/are  and  after  dinner,  exelueive  of  the  hmtre  ofeleep. 


[Trine. 

Phoephoric  add. 

Urine. 

860  ce 

0,996  grasnmei. 

808  cc 

1,485  grammea. 

860    *• 

0.996     " 

612    " 

1,610    " 

816    " 

1,877     " 

618    " 

1,610    " 

919    " 

1,610    " 

962    " 

1,846     " 

405    " 

1,416     " 

246    " 

0,722     " 

586    " 

1,696     " 

Atkraox.  In  1000  oe  nrine^  2,289  grammes  phosphoric  acid ; 

in  24  hours,  1418  oo  urine  and  8,177  grammes  phosphoric  acid. 


Urine. 

Phosphoric  add. 

Urine.        Phosphoric  acid. 

260  cc 

0,908  grammes. 

180  cc        0,772  grammes. 

260    " 

0,908     " 

800    "        1,288     " 

263    " 

0,901     " 

492    "        2,174     " 

217    " 

0,868     *' 

810    "        1,274    « 

220    " 

0,712     « 

Atxragbl  In  1000  cc  urine,  8,746  grammes  phosphoric  acid ; 

in  24  hours^  1120  ec  urine  a 

nd  4,881  grammes  phosphoric  add. 

Reeulte  from  a  pereon  who  drank  an  exeeu  of  water. 

BSvosB  Donmt. 
Urine.  Phosphoric  add. 

960  eo  1,447  grammea 

1212    "  1,826     " 

868    ••  1,164    " 

1004   "  1,788     " 

Atbuov.  In  1000  ee  urine^  1,748  grammes  phoephoric  acid. 
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Urine. 

PhoqkhoffieMld. 

4eo 

oc 

J, 490 

grammes 

280 

4« 

0,965 

«« 

955 

(4 

2,011 

it 

480 

<« 

1,678 

«< 

Atduok  In  1000  oo  urine,  2,820  grammes  phoephorio  aoid. 


ItestUta  /ram  a  perton  who  drank  very  little. 


Urine.  Fhoqpboric  acid. 

860  CO  1 ,627  grammes. 

620    "  1,761     " 

660    "  1,473     " 

280    "  0,891     " 

Atbragc  In  1000  ce  of  orine,  2,844  grammes  phosphoric  acid. 

ATTSB  DINMBB. 

Urine.  Phosphoric  add. 

182  eo  1,047  grammes. 

228    **  0,916     " 

886    "  1,725     " 

AvKRAGX.  In  1000  ec  urine,  4,641  grammes  phosphoric  acid. 


17.  On  the  Existence  of  Organs;  Matter  in  Stalactites  and 
Stalagmites,  forming  Crystallized  and  Amorphous  Crenatb 
OF  Lime.     By  David  A.  Wells,  of  Cambridge. 

In  the  eighth  chapter  of  Liebig's  Agricultural  Chemistry,  edited  by 
Playfair,  we  have  given  the  result  of  some  examinations  of  stalac- 
tites from  caverns  in  Germany,  and  from  the  vaults  of  old  castles 
upon  the  Rhine,  made  with  the  view  of  ascertaining  the  fact  of  the 
presence  or  absence  of  organic  matter  in  these  bodies,  either  com- 
bined or  uncombined.  The  result  may  be  stated  in  the  words  of  the 
author,  Prof.  Liebig  : 

The  stalactites  from  the  caverns  "  contain  no  trace  of  vegetable 
matter,  and  no  humic  acid,  and  may  be  heated  to  redness  without 
becoming  black."  In  the  stalactites  from  the  vaults  and  cellars  of  old 
castles,  he  says,  *'  we  could  not  detect  the  smallest  traces"  of  humic 
acid.  "  There  could  scarcely  be  found  a  more  clear  and  convincing 
proof  of  the  absence  of  the  humic  acid  of  chemists  in  common 
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▼egetable  mould."  Under  tbe  term  humi&  add.  Prof.  Liebig  un- 
doubtedly means  to  include  all  tboee  organic  acids  arising  fioro  the 
decomposition  of.Tegetable  matter,  and  which  have  received  tbe 
names  of  crenic,  apocrenic,  geic,  and  humic  acids. 

Having  been  informed  by  Dr.  A.  A.  Hayes,  of  Boston,  that  he 
had  in  numerous  examinations  arrived  at  results  directly  opposed  to 
those  of  Prof.  Liebig,  I  was  induced,  at  hta  suggestion,  to  make  an 
examination  of  a  large  number  of  stalactites  and  stalagmites,  ob- 
tained from  various  localities,  with  reference  solely  to  the  presence 
or  absence  of  organic  matter  in  these  bodies.  The  specimens  exa« 
mined  were  all  from  caverns  or  rock  formations,  and  were  obtained 
from  various  parts  of  the  United  States ;   from  Trieste,  Austria ; 
from  Malta,  and  the  Sandwich  Islands.  In  color  they  varied  from  all 
almost  pure  white,  to  red,  yellow,  and  brown  of  different  shades ; 
and  in  crystalline  character,  from  a  structure  resembling  arragonite, 
to  those  entirely  wanting  in  symmetrical  arrangement,,  or  mere  in- 
crustations. The  specimens  were  dbsolved  in  dilute  hydrochloric 
acid ;  the  flocculent  matter  separated,  collected  and  washed ;  boiled 
with  caustic  potassa,  carbonate  of  ammonia  or  carbonate  of  soda, 
and  then  tested  in  the  usual  way  for  crenic  and  apocrenic  acids  by 
acetate  of  copper  and  carbonate  of  ammonia.  In  all  the  varieties* 
with  one  exception,  abundant  flocculent  organic  matter  was  sepa- 
rated, which,  on  testing,  gave  evidence  of  crenic  acid  in  considerable 
quantities,  with  doubtful  traces  of  apocrenic  acid.  The  exception 
alluded  to  was  the  specimen  examined  from  Trieste,  which  did  not 
afford   any  appreciable  flocculent  matter  on  dissolving  acid.  The 
gpi^atest  quantity  of  organic  matter  was  found  in  stalactites  of  a  deep 
yellow  color,  highly  crystalline  and  uniform  in  character :  the  por- 
tions examined  were  perfectly  homogeneous,  and  free  from  layers  or 
intervening  bands  indicating  different  periods  or  changes  in  deposi- 
tion. As  the  presence  of  iron  could  not  be  detected. in  the  acid  solu- 
tion, it  is  inferred  that  the  color  of  these  yellow  stalactites  m^y  be 
owing  in  great  part  to  combined  organic  matter,  existing  as  crenate 
of  lime.  In  specimens  like  the  spar  ornaments  from  the  Rock  of 
Gibraltar,  with  which  all  are  familiar,  the  coloring  matter  and  deli- 
cate shading  are  aldo  probably  due  to  organic  matter.  Dr.  Hayes 
informs  me  that  he  has  also  found  organic  matter  in  arragonite,  in 
sufficient  quantity  to  separate  in  fl^es  while  the  specimen  was  dis- 
solving in  acid. 

Prom  these  statements,  it  must,  I  think,  be  inferred,  contrary  to 
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the  view8  of  Liebig»  tbat  organic  matter  does  exiat  in  atalaedtee 
generally,  aa  an  acid  combined  with  the  lime,  and  imparting  to  them 
their  various  colors.  I  would  by  no  means  call  in  question  the  ac- 
curacy of  Prof.  Liebig's  experiments,  further  than  that  as  far  as  my 
observations  extend,  crenic  acid  in  the  presence  of  lime,  and  ccmi- 
bined  with  it,  passes,  like  oxalates,  upon  heating,  into  carbonates, 
without  perceptible  blackening. 

It  may  here  be  added,  that  Prof.  Johnson,  of  England,  describes 
a  compound  of  alumina  and  crenic  acid  occurring  in  cavesof  granite 
on  the  coast  of  Comwal.  This  mineral  has  received  the  name  of 
pigotite,  and  is  observed  in  places  where  the  surface  water  trickles 
down  over  the  granitic  rocks.  From  this  it  may  not  be  inappropriate 
to  apply  the  term  crenite,  to  those  lime  formations  in  which  crenic 
acid  occurs  in  considerable  quantities. 

Results  similar  to  those  announced  above,  have  been  obtained  by 
Dr.  C.  T.  Jackson,  as  well  as  Dr.  Hayes  of  Boston.  Dr.  J.  Law- 
RBNCB  Smith  informs  me  that  he  has  frequently  met  with  crenic  acid 
in  calcareous  concretions  from  Asia  Minor,  and  its  existence  in  sta- 
lactites was  also  announced  some  years  since  by  Dr.  Emmons  of 
Albany.  My  results,  therefore,  can  be  considered  as  verifications  anlj 
of  those  obtained  by  others. 


n.   MIKEBALOGY. 
18.    NoTicB  OP  Several  American  Minerals.    By  Professor  C. 

U.  SlIEPARD. 

1.  Nickelfferaus  Iron  Pt/rites,  J'rom  Kearney  Ore  Bed,  Gauvememr^ 
St.  Latprence  County f  N,  Y. 

A  specimen  of  this  ore  was  lately  sent  to  me  by  Mr.  VAiLLy  of 
Litchfield  (Oonnecticut),  with  an  inquiry  as  to  its  character.  It  is  in 
boU7oidal  concretions,  resembling  sphsrosiderite  in  size  and  shape, 
but  possessing  a  more  distinctly  marked  radiating  and  fibrous  strao> 
ture.  A  fresh  fracture  exhibits  a  pale  bronze-like  color,  and  the 
aAial  lustre  of  iron  pyrites. 
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Hardness  =3  5,5.     Sp.  gr.  =r  4,663. 

When  heated  before  tb<*  blowpipe,  it  decrepitates  violently ;  but 
if  first  heated  in  a  glass  tube,  the  little  fragments  will  afterwards 
remain  upon  the  charcoal  support,  and  fuse  together  into  a  hollow 
black  globule,  which  is  strongly  magnetic.  It  is  not  readily  attacked 
by  either  hydrochloric  or  nitric  acid  separately,  but  slowly  yields  in 
a  mixture  of  the  two.  After  precipitation  by  ammonia,  a  pale  blue 
ammoniacal  solution  of  oxide  of  nickel  appears  ;  but  having  made 
several  trials  on  similar  weights  of  the  mineral^  I  satisfied  myself 
that  the  proportion  of  nickel  varied  in  different  portions  of  the  py- 
rites, and  that  in  each  case  it  was  much  below  that  found  by  Scheerer 
in  his  Eisennickelkies  from  Norway  (See  Pogg.  B.  Iviii,  s.  SO,  1 843). 
Its  occurrence,  however,  seems  to  me  interesting  from  the  presence 
of  millerite  at  the  same  locality*  ;  besides  which,  the  association  of 
nickel  with  iron  ores  assumes  an  additional  importance,  from  the  fact 
of  their  almost  constant  connexion  in  meteorites.  Other  ores  of  nickel 
will  probably  reward  a  scientific  examination  of  the  Antwerp  and 
Rossie  iron  ores. 

2.  LeadfiUUte  from  Newberry  District,  S,  C, 

I  am  indebted  for  a  knowledge  of  the  existence  of  this  species  of 
lead  ore  in  South-Carolina  to  Prof.  Hume,  of  Charleston,  to  whom 
it  was  sent  along  with  a  variety  of  minerals  for  examination.  It  is 
well  crystallized  in  apparently  regular  hexagonal  prisms,  and  six- 
sided,  very  acute  pyramids.  Color  pale  greenish  or  yellowish  white. 
When  reduced  to  powder,  it  is  i^pidly  dissolved  in  nitric  acid  with 
effervescence,  except  about  ^th  its  weight  of  sulphate  of  lead,  which 
is  lefl  unattacked  by  the  acid.  Judging  from  the  character  of  the 
specimens  sent,  this  rare  mineral  must  be  abundant  at  the  locality, 

3.  Large  Cri/atal  of  Native  Gold  from  Calfomia. 

To  the  above  mentioned  gentleman  (who  is  the  S^ate  Assayer),  I 
am  also  indebted  for  the  largest  crystal  of  native  gold  I  have  ever 
seen,  the  interest  of  which  is  likewise  enhanced  by  its  presenting  a 
form  not  hitherto  observed  among  the  secondaries  of  the  species.  It 
measures  fths  of  an  inch  in  diameter  (weighs  121,1  grs.),  and  has 
the  shape  of  the  pentagonal  dodecahedron.  Notwithstanding  it  baa 

*  A  greenish  grey  kaolin,  resembling  in  color  pimelite  in  a  slight  degree,  oceors 
with  the  millerite.  . 
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formed  a  loose  mass  in  the  diluvium  of  the  gold  region,  and  been 
subjected  to  considerable  friction,  it  still  presents  distinct  traces  of 
the  raised  edges  so  characteris.tic  of  the  native  gold  crystals  of  Ca- 
lifornia, and.  which  militates  against  the  idea  that  these  forma  were 
produced  in  moulds  left  vacant  from  the  decomposition  of  iron 
pyrites. 

4.  Large  Crystal  of  Quartz  found  at  Waterhury^  Vt. 
For  a  knowledge  ol  this  gigantic  crystal,  I  am  indebted  to  Mr.  H. 


Mk  Carleton,  a.  B.,  lately  a  student  in  Amherst  College.  It 
found  as  a  boulder  in  the  field,  and,  from  the  marks  upon  it,  i 
to  have  suffered  from  the  action  of  drift.  Its  present  weigbt  is  115 
pounds.  It  is  a  regular  six-sided  prism*  rather  more  than  two  feet  in 
length ;  one  end  having  been  broken  off,  and  from  it  rather  more 
than  half  a  bushel  of  fragments  detached  by  the  curious  who  have 
inspected  it  :  its  original  weight,  therefore,  must  have  been  at  least 
200  lbs.  The  width  of  two  of  its  opposite  broadest  lateral  planes  is 
14  inches;  that  of  the  others,  from  8  to  9.  Two  of  its  pyramidal 
planes  are  still  preserved.  The  crystal  is  said  to  be  quite  clQar  in 
the  interior. 


19.    On  Chalcodite,  a  new  Mineral  Species.    By  Professor  C. 

U.  Shepard. 

Primary  Form.     Rhomboid  :  dimensions  unknown. 

Compound  varieties.  In  globules  and  stellular  groups*  Com- 
position columnar ;  the  individuals  flat,  and  slightly  coherent.  Sur- 
face of  the  globules  drusy  in  those  of  the  largest  size ;  rarely  seen 
to  be  made  up  from  the  crossing  of  lenticular  crystals,  as  in  certain 
varieties  of  specular  iron  (with  which  species,  under  this  form,  the 
chalcodite  is  sometimes  associated).  It  also  occurs  massive,  in  minute 
thin  flakes,  or  finely  granular,  in  the  form  of  coatings,  disseminated 
through  specular  iron,  quartz  and  calcite. 

Cleavage.  The  columnar  individuals  possess  one  very  distinct 
cleavage,  upon  which  the  lustre  is  peai'ly  to  semi-meta]lic« 

Color  dark  blackish  green  (the  globular  concretions  velvety), 
when  imbedded  in  calcite ;  but  some  shade  of  brown,  usually  cop- 
pery or  bronze,  when  on  quartz  and  specular- kon.  The  prevailing 
aspect  is  that  of  mosaic  gold.  Streak  corresponding  to  the  eolor» 
though  paler  :  translucent. 
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Sectile  ;  the  laminas  very  flexible.    Hardness  =  1,0. 

Heated  before  the  blowpipe  in  a  closed  tube,  it  emits  water 
plentifully,  and  the  darjcer  colored  varieties  change  slightly  to  brown. 
On  charcoal,  it  fuses  into  a  black  glass,  which  is  magnetic.  It  dis- 
appears with  rapid  effervescence  in  borax,  affording  a  glass  deeply 
stained  with  iron. 

The  mineral  is  not  acted  upon  sensibly  by  cold  acids ;  but  dis- 
solves easily  in  hot  hydrochloric  acid,  with  separation  of  silica* 
Ammonia  produces  a  precipitate  chi^y  of  protoxide  of  iron ;  but 
after  treatment  with  nitric  acid,  the  same  precipitant  yields  sesqui- 
oxide  of  iron  ;  and  the  liquid,  being  cleaned,  gives  traces  of  lime» 
with  a  decided  precipitate  of  magnesia,  on  the  addition  of  the  usual 
tests  for  these  earths.  It  was  not  convenient  to  examine  the  precipi- 
tate by  ammonia,  for  alumina ;  but  presuming  upon  its  absence,  from 
the  easy  de/composition  of  the  mineral  by  hydrochloric  acid,  the 
mineral  will  most  probably  prove  on  analysis  to  be  a  hydrated  sili- 
cate of  protoxide  of  iron  ( possibly  mixed  with  the  peroxide  in  the 
brown  colored  variety)  and  magnesia. 

In  natural  history  properties,  the  species  will  stand  near  to  talc ; 
from  which,  however,  many  of  the  foregoing  properties  tend  to 
separate  it,  and  from  which  it  will  doubtless  be  seen  to  diverge  still 
further,  when  enough  of  it  can  be  had  to  allow  of  the  correct  de- 
termination of  its  specific  gravity. 

It  is  named  cJiakodite,  from  ycOsxCiSrig  (like  brass),  &om  its  pre- 
vailing pyritic  or  bronze-like  color  and  lustre. 

This  mineral  was  made  known  during  the  geological  survey  of  the 
State  of  New- York,  and  was  referred  to  cacoxene  by  Dr.  Lewis  G. 
Beck  in  the  notice  of  the  geological  survey  of  the  State  of  New- 
York  presented  to  the  legislature  January  24th,  1840*,  and  more 
particularly  described  by  the  same  writer  in  his  extended  report  on 
the  mineralogy  of  the  State,  1842,  p.  402,  where  it  is  mentioned  as 
occurring  "  in  minute  radiated  tufts  which  somewhat  resemble  iron 
pyrites,  the  lustre  of  the  blades  being  silky  or  approaching  to  me- 
tallic ; "  although  it  is  possible  the  chalcodite  is  here  confounded 
with  the  millerite,  which  is  also  found  at  the  same  locality. 

It  occurs  at  the  Sterling  iron  mine  in  the  town  of  Antwerp,  Jef- 
ferson county,  accompanying  specular  iron  ore. 

*  American  Journal  of  Science,  Vol  zl,  p^  76. 
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20.    On  thb  Tbiplitb  (ALLUANDiTBt)  OF  Norwich,  Mass.    By 
Prof.  C.  U.  Shepard. 

In  a  paper  by  Prof.  Dana  (American  Journal  of  Science,  Vol.  xi, 
new  eeries,  p.  100),  on  the  crystalline  form  of  this  ambiguous  mi* 
neral  (of  which  he  observes  "  many  more  crystals  must  be  examined, 
before  their  character  is  fully  understood  "  ),  he  considers  the  pri- 
mary form  a  ri^ht  prism,  in  which  M  of  the  annexed  figure  is  P, 
and  P  is  d. 
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Under  this  view  of  the  form,  he  observes  that  "  in  many  of  the 
crystals  the  terminal  plane  is  oblique  to  the  lateral ;  and  this  obli- 
quity, although  an  irregularity,  is  not  attended  with  any  distortion 
of  the  adjoining  plane  T  (c  of  the  above  figure),  the  upper  and 
lower  edges  of  this  plane  being  parallel  notwithstanding  the  varying 
inclination  of  P." 

By  considering  the  primary  form  to  be  a  right  oblique-angled 
prism,  the  supposed  irregularity  disappears,  and  the  occurring  faces 
result  from  symmetrical  modifications  of  the  assumed  primary. 

The  angles  above  given  were  taken  (from  crystals  kindly  supplied 
by  Mr.  Hartwell)  by  means  of  the  reflecting  goniometer  ;  but  it 
should  be  stated  that  the  lustre  was  not  sufficient  to  afford  visible 
images  of  a  window-l>ar  in  the  faces,  as  in  the  ordinary  and  most 
exact  use  of  this  instrument.  The  results  may  nevertheless  be  re- 
garded as  very  close  approximations  to  the  truth ;  since,  in  each 
angle  given,  they  are  the  mean  of  numerous  not  widely  dififeriag 
observations. 

The  physical  quality  of  the  faces  is  similar  :  d  is  perhaps  rather 
brighter  than  the  rest.  The  lustre  of  the  others  is  in  the  following 
order,  the  brightest  being  mentioned  first  :  c,  P,  M,  x.  No  striaB 
Tisible  on  the  crystals. 
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Cleavage  most  distinct  patallel  with  M  :  traces  of  T. 

Hardness  =:  5fi.    Sp.  gr.  =s  3,27. 

Color  blackish  brown  when  weathered;  but  within  yellowish 
greent  sometimes  bluish.  Streak  dai'k  reddish  brown  :  translucent 
to  opake. 

Fusible  before  the  blowpipe^  with  much  effervescence,  into  n 
shining  hollow  globule  not  attractable  by  the  magnet  With  borax* 
it  dissolves  with  effervescence  into  a  glass  colored  by  iron.  Soluble 
with  facility  in  hydrochloric  acid,  from  which  ammonia  throws  down 
an  abundant  red  brown  precipitate  of  the  oxides  of  iron  and  man^, 
ganese  ;  after  the  subsidence  of  which,  the  clear  liquid  gives,  with 
oxalate  of  ammonia,  the  test  for  lime. 

Mr.  Craw's  analysis  (volume  of  American  Journal  above  quoted, 
p.  99)  seems  to  connect  this  mineral  with  the  alluandite  of  Damour, 
rather  than  with  triphylline  (though  it  is  probable  that  both  of  these 
may  ultimately  be  referred  to  the  species  triplite).  For  if  we  suppose 
the  manganese  to  have  become  peroxidized  by  weathering  (and  the 
first  specimens  obtained  were  particularly  exposed  to  this  change*), 
and  the  substitution  of  lithia  and  ]ime  (4,2  i  p.  c.  together)  to  have 
transpired  for  the  5,47  of  soda  in  Pamour's  analysis  of  alluandite, 
the  identity  is  nearly  complete.  The  agreement  in  physical  qualities 
between  the  two  minerals  appears  to  render  their  coalescence  still 
farther  probable. 


21.  On  the  IsoMOBPmsM  op  the  Chemical  Compounds  compbisbd 

UNDER   THE    MiNERAL   SPECIES    ToURM ALINE.      By   Prof  JaME^ 

D.  Dana. 

Many  instances  of  isomorphism  among  compounds  not  homologous 
in  composition,  or  of  different  proportions  in  the  elements,  have  been 
recently  pointed  out  by  Rose,  Scheerer,  Rammelsberg,  Hermann, 
etc.,  besides  others  by  myself  in  a  memoir  published  during  the  past 
year. 

The  principle,  brought  out  by  M.  Kopp,  that  in  ordinary  cases  of 
isomorphism,  isomorphous  substances  aro  alike  in  atomic  volume, 

*  The  spceific  gravity  of  Mr.  Craiv's  spMimen  was  only  2^8)8. 
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has  been  applied  to  these  seemingly  anomalous  casesi  In  my  own 
memoir  alladed  to,  I  suggested  that  if  the  atomic  volume,  as  cd- 
eulated  in  the  usual  manner  (by  dividing  the  atomic  weight  of  the 
ccmipound  by  the  specific  gravity),  be  divided  by  the  namoer  cf 
atoms  in  the  compound,  we  have  a  perfect  coincidence  with  Kopp's 
law,  and  a  satisfactory  explanation  of  these  isomorphisms. 

In  the  division  proposed,  all  compounds  are  reduced  to  an  equi- 
valent unit  :  thus,  for  FeO,  I  divided  by  2,  as  if  the  compound 
consisted  of  FeJO^,  which  is  true  of  its  composition,  the  sum  of 
the  fractions  being  a  unit.  So  for  Fe^OS  I  divided  the  atomic  volume 
found  by  5,  as  if  the  compound  consisted  of  Fef  Of ;  this  accurately 
representing  the  composition,  and  the  sum  of  the  whole  as  before 
being  a  unit.  These  explanations  apply  to  all  other  cases. 

Rammelsberg,  in  attempting  to  find  a  correspondence  with  Kopp'a 
laWf  deduces  the  principle  that  in  these  isomorphous  compounds  the 
atomic  volumes  have  a  simple  multiple  relation.  He  compares  only 
the  ordinary  atomic  volumes,  calculated  in  the  usual  way»  and  thus 
arrives  at  simple  ratios  between  the  resulting  amounts.  Thus  while 
Rammelsberg  finds  the  atomic  volumes  unequal,  and  related  only  by 
certain  ratios,  the  view  I  have  proposed  arrives,  at  actual  equality. 
It  is  of  some  interest  to  iuquire  which  method  is  most  satisfactory,  or 
roost  coiToct.  To  test  this,  I  take  a  single  case  presented  by  Ram- 
melsberg, that  of  tourmaline,  the  varieties  of  which  have  been  made 
the  subject  of  profound  chemical  research  by  Rammelsberg*. 

This  distinguished  chembt,  after  numerous  analyses,  has  made  out 
Jive  chemical  groups  in  this  species,  having  the  following  fbrmulaa  : 

FoufULAS  or  ToumAum.  Atomle  Voli 

I.  R*  (  si",  B")  +  3R{  Si,  B),  1808 

n.  R*  (  sis  B')  +  iR(  Si,  B),  2217 

ni.  R»  (  Si%  B')  +  6  jB  (  Si,  B>,  3013 

nr.  R  ( Si ,  B  )  +  3  jS  (  Si,  B),  1464 

V.  R  (  Si ,  B )  +  4  JK  (  Si,  B),  1850. 

The  corresponding  atomic  volumes,  as  deduced  by  him,  are  given 
in  the  third  column. 

*  P^^ggendorff  ^  Aanatoi,  Izxzi,  SI. 
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Ratnmekberg  then  obaerves  that  the  numbers  1464, 1808,  1850, 
2217,  8013,  have  the  rdation  (writing  1,26  bb  a  oerrectioii  of  Us 
1,25)  1     :     1,24     :     1,26     :     1,51     :    2,06; 

which  is  closely  1     :     1^  :     1^  :     2, 

or  4     :     5     :     6     1     8. 

But  let  US  now  calculate  the  atomic  volume  in  the  manner  I  have 
proposed ;  that  is,  by  dividing  each  of  the  above  amounts  by  the 
number  of  atoms  or  molecules  in  the  corresponding  compounds. 
The  number  of  atoms  is  found  to  be,  for  formula  i,  41* ;  n,  50 ; 
HI,  68 ;  IV,  33  {  V,  4^ 
Then 


1808- 

r  41  =  44.1 ; 

2217  - 

-  50  =  44,34  ; 

3013  - 

r  68  =:  44,31 ; 

1464  - 

r  33  s=  44,36 ; 

1850  ^ 

-  42  =  44,05. 

The  results  thus  arrived  at  fcr  the  compounds  are  equal  atomic 
volumes  throughout,  viz.  44,1,  44,34,  44,31,  44,36,  44,05 ;  certainly 
a  remarkable  coincidence  in  value,  and  a  sufficient  explanation  (A 
the  isomorphism. 

Let  us  now  look  further  at  the  numbers  of  atoms,  and  see  what 
follows  from  the  preceding  facts.  The  ratios  which  these  numbers 
have  to  one  another,  33  :  41  :  42  :  60  :  68,  are  as  follows  : 

1     :     1,24     :     1,27     :     1,51     :     2,06; 

and  these  ratiois,  as  is  seen,  are  actually  coincideitf  with  the  alomiA 
volumovratio  obtained  by  Rammelsberg.  Henct  the  ratios  4:5)6:8, 
which  this  chemist  deduces,  are  in /act  only  the  ratios  of  the  nufnber 
of  molecules  in  the  compounds,  33  :  41  :  50  :  68  ;  a  ratio  more 
exactly  expressed  by  these  numbers  themselves.  They  cannot  there- 
fore be  considered  the  atomic  volume  ratio. 

In  the  method  which  I  have  proposed,  the  principle  holds  true, 
and  gives  uniform  results,  where  the  compounds  compared  consist 
of  like  elements.  Thus  anhydrous  silicates  acre  directly  comparable 
with  anhydrous  silicates ;  but  ie  comparing  sulphur  and  oxygen 
compounds,  another  principle  probably  modifies  the  result. 


•Iq  the  first  fomrala,  K' oontams  e  mol«<»a68;  Si*   8;   Si2,  16;  ZQi,  12: 
makiiig  in  all  41. 
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This  point  requireft  more  investigation  than  I  hsre  been  able  to 
give  it  The  case  of  the  yarieties  of  tourmaline,  however,  is  one  in 
which  no  modification  of  this  kind  is  to  be  considered.  This  remaik 
is  true  also  of  the  felspara,  the  varieties  of  scapolite,  and  numerous 
other  cases  of  this  kind  brought  forward  in  a  former  memoir. 

I  observe,  in  conclusion,  that  although  the  isomorphism  of  certain 
minerals  alone  is  here  considered,  the  principle  involved  has  a  much 
wider  authority.  It  is  one  of  the  most  fundamental  in  chemistry. 
Minerals  are  chemical  compounds  no  less  than  the  salt  formed  bj 
art :  their  origin  is  due  to  no  peculiar  laws,  different  from  those  that 
preside  over  combinations  in  the  laboratory.  The  profoundest  nature 
of  molecules  is  at  the  basis  not  only  of  all  cases  of  isoraorphismt  but 
of  all  that  relates  to  crystallization  or  structure  in  inorganic  nature. 


22.    Optical  and  Blowpipi;  Examination  of  tur  si7Pposr]> 
Chlorite  or  Chester  Coontt,  Pa.    By  W.  P.  Blake. 

In  September,  1850,  Prof.  B.  Silliman  junior  handed  me  a  specimen 
of  a  beautiful  green  foliated  mineral  for  optical  examination  :  it  was 
unexpectedly  found  to  be  biaxial ;  but  as  die  locality  of  the  specimen 
was  not  known,  no  further  examination  than  the  measurement  of  the 
angles  was  made  at  that  time.  In  May  of  this  year,  I  received  from 
Prof.  J.  D.  Dana  specimens  of  the  hitherto  supposed  chlorite  of 
Chester  county  (Pennsylvania),  which  I  examined  by  polarized  ligbt, 
and  obtained  results  so  similar  to  those  obtained  with  the  specimen 
first  referred  to,  as  to  leave  no  doubt  of  its  being  from  the  Eame 
locality^. 

The  mineral  occurs  three  miles  south  of  West-Chester,  in  serpen- 
tine, associated  with  magnesite  ;  and  is 
found  in  plates  of  irregular  outline,  some- 
times three  inches  broad,  and  in  triangular 
plates  and  tabular  masses,  one  of  which  is 
represented  in  the  annexed  figure.  These 
plates  are  equilateral  triangles;  and  they 
much  resemble  the  triangular  cleavage  spe- 
cimens of  the  micas  from  Greenwood  ft^-- 
nace  and  Monroe,  N.  Y.  The  cleavage  is 

*  Pro!  Dana  received  his  speeimen  from  Thomaa  F.  Seal,  of  Philadelphia. 
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perfect,  parallel  with  tbe  broad  faces  of  these  crystals ;  but  is  not  so 
perfect  as  in  mica,  and  the  laminaa  are  more  brittle.  The  laminae  are 
flexible  and  elastic,  but  less  elastic  than  mica.  Color,  beautiful 
emerald  green.  Hardness  of  cleavage  suirface,  2  to  2,25,  scale  of 
Mohs.  Specific  gravity  2,714,  which  is  perhaps  too  low,  as  no 
specimen  could  be  obtained  perfectly  free  from  air. 

Optically  it  is  biaxial,  with  a  high  angle,  and  the  following  are  the 
results  obtained  : 

Speeimen  a^  exaznined  in  September,  plate  one  decimetre  long  and  six  oentimet^es 

l»t)ad,  with  an  irregular  outline. 
Specimen  b,  a  triangular  plate  measuring  one  and  ono-fourih  ii^cliea  along  each 

Bide,  examined  in  May. 
Apparent  angle  between  the  optio  axes  in  a,  84^  80'  mean  of  nine  measurements. 
Apparent  angle  in  6,  86°  69'  mean  of  five  measurements. 

The  plane  of  the  axes  is  perpendicular  to  the  cleavage  surface, 
and  at  right  angles  with  the  base  of  the  triangle,  as  indicated  by  th9 
arrow  in  the  figure.  I  was  also  able  to  obtain  evidences  of  optic  axes 
in  the  angle  of  the  plate  opposite  to  the  base,  and  found  them  to 
have  an  equal  inclination  with  b ;  and  the  plane  of  these  axes  was 
found  to  form  an  angle  of  about  60°  with  the  plane  of  the  others,  or 
to  be  at  right  angles  with  one  of  the  sides  of  the  triangle  (which  is 
as  near  the  angle  as  could  be  determined  by  iparking  the  direction 
upon  the  plate,  and  subsequent  measurement  by  goniometer  and 
protractor).  This  peculiar  relation  of  two  systems  of  optic  axes  had 
been  noticed  in  a  also,  and  there  is  probably  a  line  of  composition 
in  most  of  the  crystals  from  the  locality.  The  position  of  this  line  is 
represented  by  the  shorter  dotted  line  in  the  figure. 

Another  interesting  peculiarity  is,  that  the  optio  axes  are  not 
equally  inclined  to  the  cleavage  surfacct  or  to  a  line  perpendicular  to 
it  (the  ''normal"  of  Biot).  The  inclinations  to  the  normal  were 
measured  ;  but  as  the  instrument  had  not  been  adapted  to  this  mode 
of  measurement,  the  angles  given  can  be  regarded  only  as  approxi- 
mations, and  are  here  given  merely  to  show  the  existing  inequality 
of  the  inclinations. 

Speeimen  a  gave  the  angles  60°  and  84° ; 
Specimen  b,       . .         . .        68°  18'  and  27°  40'; 

the  greater  angle  being  on  the  side  of  the  normal  adjoining  the  base 
of  the  plate  or  triangle. 
From  these  results,  the  mineral  must  be  referred  to  one  of  the 
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Bystezns  of  crystallization  having  the  three  sxes  unequal;  and  & 
cannot  therefore  be  classed  with  the  species  chlorite  or  ripidolite, 
which,  according  to  authors,  is  rhombohedral  or  hexagonal  He 
Alabama  chlorite  was  examined  optically  by  Biot,  and  reported  to 
be  uniaxiaL 

It  is  here  interesting  to  observe  that  we  have  this  undoubtedly 
din&metric  mineral  with  such  a  peculiarly  high  angle  between  the 
optic  axes,  occurring  in  triangular  plates  and  masses  so  much  re- 
sembling the  micas  from  Monroe  (New-^York),  whose  biaxial  chsr 
racter  is  so  difficult  of  determination,  and  which  by  reason  of  this 
form  have  been  referred  by  some  eminent  crystallographers  to  the 
rhombohedral  system.  The  form  in  both  cases  may  be  considered  as 
resulting  from  an  acute  oblique  rhombic  prismi  by  the  replacement 
of  the  acute  solid  angles*. 

Examined  with  the  blowpipe,  the  mineral  ^ves  the  following 
reactions  :  B.B.  in  the  forceps,  contracts  and  becomes  opaque  and 
white,  with  traces  of  fusion  on  the  edges.  Alone,  on  charcoal,  same 
as  with  forceps.  In  an  open  tube,  g^ves  off  water,  and  a  white  ring 
ia  formed  near  the  assay  when  strongly  heated.  With  borax  in  the 
oxydizing  flame,  dissolves  readily  with  much  ebullition  ;  the  glass, 
while  hot,  red  and  brownish,  but  becomes  green  when  cold  :  in  the 
reducing  flame,  while  hot,  color  not  so  deep  as  in  the  oxydizing 
flame,  and  passes  through  the  shades  of  olive  green  while  cooling, 
to  beautiful  emerald  green  when  cold.  With  phosphate  of  soda  and 
ammonia  in  the  oxydizing  flame,  dissolves  slowly,  leaving  a  skeleton 
of  the  fragments ;  glass  red  and  yellowish  while  hot,  fine  green 
when  cold ;  when  much  of  the  assay  is  added,  the  glass  becomes 
opalescent  to  opaque  when  cooling  :  in  the  reducing  flame,  skeleton 
disappears  ;  bead  brown  while  hot,  opalescent  and  green  when  cold. 
With  carbonate  of  soda  on  platina  foil,  no  reaction  for  manganese. 

The  constituents  of  the  mineral,  so  far  as  indicated  by  the  above 
reactions,  are,  HO+SiOj+CrOj+FeOj.  Analyses  are  now  in  pro- 
gress at  the  Yale  Analytical  Laboratory. 

In  addition  to  the  optical  character,  the  mineral  is  shown  to  differ 
from  chlorite  in  hardness  and  elasticity,  and  by  the  presence  of 
chromium. 

I  propose  for  the  species  the  name  Clinochioret  in  allusion  to  the 

*  Dana'a  Mineralogy,  Ist  edition,  p.  264 ;  and  Am.  Jour.  6cL,  2d  ser.,  zii,  pi  8. 
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great  oUiqnity  between  the  optic  ttes,  and  its  green  color,  resem* 
bling  that  of  chlorite* 

A  Bimilar  mineral  from  UnionvfUe,  occurring  in  triangular  and 
hexagonal  forms,  I  have  found  to  be  biaxial,  and  probably  like  the 
above ;  but  I  have  not  yet  succeeded  in  obtaining  any  measurements. 


23.  Mrtamorphic  Condftion  of  a  part  op  thb  labob  vbin  op 
Franklinitb  in  Nbw-Jerset.  By  A.  C.  FARRtNoroN,  Esq.^ 
of  Newark. 

During  the  summer  of  1848,  while  engaged  in  exploring  the  metal- 
liferous veins  upon  what  is  called  Mine  Hill,  near  the  Franklin 
Furnace,  New-Jersey,  my  attention  was  arrested  by  the  difference 
in  stru(5tural  arrangement  presented  by  the  opposite  sides  of  the 
large  vein  of  franklinite  at  different  places  along  its  extent.  While 
much  the  largest  portion  of  the  mass  appeared  to  consist  of  imperfect 
octahedral  crystals  compacted  or  cemented,  other  parts  appeared 
like  an  aggregation  of  thin  laminae,  its  crystals  resembling  tabular 
spar.  This  latter  portion  was  highly  magnetic ;  and  in  pulverizing, 
I  found  the  hammer  would  take  up  large  quantities  of  it.  Knowing 
that  other  parts  of  the  vein  did  not  exhibit  this  property,  I  pursued 
my  investigations  for  the  purpose  of  ascertaining  how  much  of  the 
ore  presented  this  magnetic  property.  The  result  was,  that  it  was 
found  only  where  the  tabular  crystals  prevailed,  and  then  only  where 
the  vein  was  in  contact  with  sienite  or  garnet ;  and  in  tracing  across 
the  vein  in  a  right  line,  magnetic  action  was  not  perceptible  for  more 
than  four  feet  I  repeated  my  experiments,  and  four  feet  three  inches 
was  the  maximum  distance  at  wh;ch  the  ore  was  found  magnetic. 

1  broke  off*  fragments  in  a  line  across  the  vein  at  the  distance  of 
three  inches  from  each  other,  and,  after  pulverizing,  weighed  one 
hundred  grains  from  each  parcel,  and  applied  a  common  horseshoe 
magnet  to  them.  The  magnet  would  take  up  all,  or  nearly  all  of  the 
powder  from  such  parts  as  came  from  the  side  of  the  vein  nearest 
the  igneous  rock,  and  gradually  diminish  as  they  receded  from  it.  I 
failed  in  establishing  any  regular  series  or  ratia  for  the  diminution 
of  magnetic  action ;  but  inferred  from  the  results,  that  the  iron  of 
the  franklinite,  in  the  parts  of  the  vein  in  contact  with  sienite  and 

16 
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garnet,  was  a  protoxide ;  while  the  maaa  of  the  vein  waa  a  peroxide, 
and  intermediate  for  the  distances  examined  as  before  stated  there 
was  a  mechanical  mixture  of  the  two  oxides. 

In  presenting  these  facts,  an  important  geological  question  arisea. 
Is  the  metamorphism  of  this  metallic  vein  attributable  to  the  agency 
of  the  intrusive  rocks  in  contact  with  it ;  and  if  so,  should  we  not 
infer  that  the  igneous  intrusive  rock  is  more  recent  than  the  vein  of 
franklinite  1 


Zi,  Notice  of  a  Magnesian  Opal,  from  near  Harmanjick,  Asia 
Minor.  By  Prof.  J.  Lawrence  Smith,  of  the  University  of 
Louisiana. 

This  opal  is  one  found  in  several  places  that  have  come  under  my 
observation  in  the  western  parts  of  Asia  Minor,  and  the  Island  of 
Mytilene.  It  is  found,  along  with  carbonate  of  magnesia,  in  serpen- 
tine.  The  serpentine  appears  to  have  undergone  a  decomposition  by 
water  containing  carbonic  acid ;  the  magnesia  combining  with  the 
carbonic  acid  to  form  carbonate  of  magnesia,  and  the  silica  becoming 
converted  into  opal  involving  a  small  amount  of  magnesia.  The 
.composition  of  the  opal  was  found  : 

Water 4,15 

SiUo*   92,00 

Magnesia 8,00 


25.    On  the  Columbite  of  Haddam.    By  T.  S.  Hunt,  of  the 

Geological  Commission  of  Canada. 

[  Not  received.] 


26.    On  the  Octahedral  Peroxide  of  Iron.     By  T.  S.  Hunt, 

of  the  Geological  Commission  of  Canada. 

[  Not  received.] 
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27.    On  the  Houghite  of  Prop.  Shepard.    By  S.  W.  JoHN8o;<f, 
of  the  Yale  Analytical  Laboratory. 

On  page  314  of  the  Proceedings  of  the  Meeting  of  this  Association 
held  at  New-Haven  last  year,  occurs  a  notice  of  the  mineral 
houghite  by  Prof.  Shepard.  More  than  two  years  since,  I  noticed 
specimens  of  this  mineral  from  Dr.  Houou,  and  then  purposed  td 
examine  it.  The  specimens  which  were  in  my  possession  at  the  time 
of  the  publication  of  Prof.  Shepard*i8  paper,  and  which  furnished 
the  material  for  my  analyses,  agi-ee  in  the  main  with  his  description ; 
and  it  appeared  improbable  that  any  chemical  species  could  be  made 
from  them,  as  they  were  exceedingly  variable  in  composition  as  well 
as  in  appearance.  It  commonly  occurs  as  small  imbedded  nodules, 
usually  more  or  less  flattened,  with  the  interior  dark  gray  or  bluish 
gray  and  the  exterior  white. 

Experiment  and  observation  unite  in  proving  that  the  differenee 
in  color  between  the  external  and  internal  portions  of  these  '*  con- 
cretions" is  due  to  difference  of  composition.  The  milk-white  parts 
contain  carbonic  acid  :  the  bluish-white  portions  do  not.  Further, 
some  specimens  are  milk-white  throughout ;  while  others  are  almost 
entirely  of  a  bluish  tinge,  and  semitransparent.  The  specimens  at 
my  command  for  analysis  were  uniform  in  appearance,  but  were 
more  or  less  opake  white  externally,  and,  without  exception,  were 
pervaded  by  minute  grains  of  spinel  and  phlogopite.  Some  of  them 
presented  a  portion  just  within  the  opake  layer,  that  was  transparent 
and  homogeneous  :  within  this,  fragments  and  crystals  of  spinel 
predominated.  These  statements  are  necessary  as  a  preface  to  the 
account  of  my  chemical  investigations ;  after  detailing  which,  the 
physical  properties  will  be  again  referred  to. 

The  mineral  subjected  to  analysis  comprised  fragments  partially 
opake  and  partially  translucent,  as  it  was  almost  impossible  to 
procure  by  separation  a  homogeneous  material.  After  ignition,  it 
manifests  an  alkaline  reaction ;  and  this,  as  I  have  since  found,  it 
also  does  before  heating. 

As  stated  by  Prof.  Shepard,  it  is  decomposable  in  acids  before  and 
afber  ignition.  A  large  nodule  slowly  dissolves  even  in  cold  acetic 
acid.  Carbonic  acid  is  evolved  during  solution,  and  in  sufficient 
quantity  to  produce  a  precipitate  on  passing  through  baryta  water. 
A  residue  has  always  occurred  in  my  experiments,  consisting  in  part 
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of  insolable  miDerals,  spinel  and  pblogopite,  and  also  in  most  cases 
of  silica ;  and,  in  fact,  the  mineral  has  often  BfforAed  a  well  cha- 
racterized jelly  with  acids.  The  acid  solution  gives  with  ammonia, 
in  presence  of  chloride  of  ammonium,  a  copious  white  precipitate. 
The  filtrate  contains  only  magnesia,  or  occasionally  a  trace  of  pot^ 
ash,  possibly  from  decomposition  of  phlogopite.  The  ammonia  pre- 
cipitate, as  noticed  by  Prof.  Shepard,  yields  alumina  and  a  trace  of 
iron  to  caustic  potash,  but  is  not  entirely  decomposed  even  by  a 
large  excess  of  it  during  protracted  digestion  at  a  boiling  beat. 

Following  the  usual  routine  of  analysis,  it  was  repeatedly  and  most 
carefully  examined  for  all  the  salts  and  rare  earths  that  can  occur  in 
such  circumstances,  but  no  evidence  of  their  existence  was  obtained. 
It  appeared  to  be  a  hydrous  compound  of  magnesia  and  alumina; 
and  upon  reference  to  Gmelin's  Handbuch,  notice  of  such  a  sub- 
stance was  found.  By  three  or  four  repeated  solutions  in  hydrochloric 
acid,  and  precipitations  by  ammonia,  it  was  completely  separated 
into  the  two  earths,  alumina  and  magnesia;  which,  with  water, 
completed  the  sum  of  its .  ingredients. 

Previous  to  entering  on  the  quantitative  investigation  of  this 
mineral,  I  made  inquiries  of  Dr.  Hough,  who  resides  near  the  lo- 
cality, hoping  to  obtain  homogeneous  specimens  :  he  could  not 
furnish  them,  and  the  following  analyses  were  made  without  ex- 
pectation of  perfectly  accordant  results. 

In  the  analysis,  carbonic  acid  was  determined  in  the  usual  manner 
in  a  flask  furnished  vrith  chloride  of  calcium  and  aspirating  tubes. 
Water  was  expelled  by  ignition,  and  collected  in  chloride  of  calcium. 
The  mineral  was  decomposed  in  hot  hydrochloric  acid ;  the  whole 
evaporated  to  dryness,  redissolved,  and  Altered.  In  the  solutioB, 
alumina  and  magnesia  were  separated  by  bicarbonate  of  soda ;  the 
magnesia  weighed  as  pyrophosphate;  the  alumina,  as  such*  after 
solution  and  reprecipitatiun  by  carbonate  of  ammonia.  The  insoluble 
residue  was  treated  with  hot  solution  of  carbonate  of  soda,  to  extract 
silica. 

Before  subjecting  the  mineral  to  analysis,  a  portion  in  small 
fragments,  the  most  homogeneous  that  could  be  selected,  was  used 
for  determining  its  specific  gravity.  For  this  purpose,  after  its  weight 
had  been  taken>  it  was  boiled  in  the  water  in  which  it  was  subse- 
quently weighed,  as  air  bubbles  adhered  to  it  very  pertinaciously. 
The  number  2,175  was  obtained ;  but  the  mineral  was  afterward 
found  to  contain  spinel. 
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A  quantity  of  tbe  miDeral,  after  being  paWerized,  was  placed  in 
a  Liebig's  drying  tube,  and  exposed  in  a  current  of  dry  air  to  a  heat 
of  100°  C.  :  it  lost  water  for  a  long  time.  The  heat  was  afterward 
raised  to  175°  C,  and  it  continued  to  lose  weight  Ibr  serera)  days. 
It  was  finally  submitted  to  the  highest  temperature  admissible  in  an 
oil-bath,  280°  C.  ( 636°  P.) ;  and  after  more  than  100  hours  of  dry- 
ing, it  ceased  to  lose  weight*  As  this  result  had  not  been  foreseen, 
the  original  weight  of  the  mineral  was  not  taken  :  the  loss  was  at 
least  fire  per  cent.  In  this  dried  portion  were  found 

Al*  Mg  H(bydiff.)        C    InaoL  (flpinel,  ibc)    SiUoiL 

19,748  S6,292  24,223  8,458  ^,264  8, 020s]  00. 

A  fresh  portion  of  the  mineral,  including  that  employed  in  taking 
the  specific  gravity,  was  carefiilly  intermingled,  pulverized,  and  dried 
over  SQ,  in  vacuo. 

Two  determinations  of  carbonic  acid  gave  respectively  6,718  and 
8,094  per  cent  :  mean,  7,380  per  cent.  Another  portion,  the  only 
remaining  material,  was  ignited  until  it  ceased  to  lose  weight  :  it 
then  contained  no  carbonic  acid.  The  loss  was  40,857  'per  cent.  It 
was  analyzed  with  the  following  results  : 

AP  Mg 

80 ,  048        65 ,  467        IoboI.  (spinel  find  mioa)  1 5 , 1 96    SUica^  trace=l  00 , 7 1 1. 

Several  water  estimations  were  made,  varying  from  33  to,  41  per 
cent ;  but  I  attach  no  value  to  them.  If  we  subtract  7,380  the  mean 
result  for  carbonic  acid,  from  40,857  the  total  loss  on  ignition,  we 
obtain  33,477  as  the  percentage  of  water.  Rejecting  the  insoluble 
minerals,  and  calculating  the  remaining  constituents  on  100,  the 
composition  stands  as  follows  : 

aI«  Mg  H  C 

28,867  44,839  26,462  6,888=99,996. 

Excluding,  in  both  analyses,  all  the  ingredients  but  alumina  and 
magnesia,  and  reducing  these  to  percentage  relations,  we  find  the 
following  numbers  : 

^  Flnt  analysis.        Second  anslysls.  Mean. 

Al*  86,288  85,137  86,186 

Mg  64,768  64.862  64,812 

.    These  accordant  results  indicate  the  existence  of  definite  relations 
between  these  two  ingredients.  Division  by  the  equivalents  gives  die 
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ratio  of  4  of  alamina  to  19  tnagnesia ;  correBponding  to  alomina 
?5yl5,  magnesia  66,47.  The  ratio  of  1  :  5  would  require  a]umma 
33,5,3,  magoeeia  66,47. 

It  seems  useless  to  speculate  on  the  constitution  of  hoqghite, 
without  new  analyses. 

Quite  recently,  I  have  visited  the  locality  in  company  with  Dr. 
HouoH.  It  is  in  the  town  of  Rossi e,  and  near  the  village  of  Some^ 
ville,  in  St.  Lawrence  county,  N.  Y.  The  mineral  occurs  disseminated 
through  white  crystalline  limestone,  at  the  summit  of  a  slight  elera- 
tion,  near  which  occur  heds  of  the  Potsdam  sandstone.  Associated 
with  houghite  are  dolomite  of  variable  composition,  Bcapolite  of 
brown  and  green  color,  phlogopite,  graphite,  spinel,  and  a  crystal- 
lized pseudomorphous(?)  yellow  serpentine,  in  which  I  have  obtaiaed 
the  water  and  silica  percentages  of  that  mineral. 

Much  of  the  rock  exhibits  evidences  of  atmospheric  action.  The 
serpentine  in  the  altered  parts  has  become  discolored,  and  so  friaUe 
as  to  yield  to  the  pressure  of  the  fingers.  The  nodules  of  houghite 
are  half  exposed,  easily  detached  from  the  rock,  aud  oflen  opake  aod 
milk-white  throughout. 

This  altered  or  bleached  appearance  in  the  rock  does  not  occur 
upon  the  uppermost  surface,  as  far  as  I  have  observed,  but  along  its 
sides  and  under  portions  pendant  over  a  cavity ;  but  not  a  nodule  of 
houghite  has  been  found,  even  in  the  least  altered  rock,  that  has  doC 
presented  superficially  in  some  parts  a  milk-white  color. 

Among  the  masses  which  furnished  material  ft)r  analyses,  I  found 
several  specimens  that  exhibited  unequivocal  evidences  of  octahedral 
crystallization,  one  of  which  is  here  repre- 
sented. Some  of  them  are  fths  of  an  incb  in 
diameter  ;  they  are  superficially  grooved 
.and  contorted,  their  edges  are  rounded,  and 
protrude  beyond  the  planes  of  the  faces. 
In  some  an  appearance  occurs,  which  seems 
as  if  it  had  been  produced  by  a  protrusion 
near  the  edge  of  each  plane,  leaving  a  line 
of  depression  with  reentering  surfaces  cor- 
responding to  the  lateral  edges  of  a  perfect  octahedron  ;  while  on 
the  faces,  a  triangular  depression  occurs,  bounded  by  the  protruded 
edges  of  each  plane  of  the  crystal.  In  one  nodule  there  is  a  gradail 
transition  from  the  sofb  and  amorphous  houghite,  to  the  hard  aod 
regularly  terminated  spinel.  The  crystals  are  occasionally  compound. 
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28.  On  thr  Occubbencb  of  Chromatb  of  Lead  in  Pennstlyania* 

AND  OTHER  MiNERALOGICAL  NoTICES.      By  W.  F.  BlAKE. 

Mr.  Blake  presentefl  a  comniunication  upon  some  AmericaD  mioe- 
rak,  stating  that  he  had  observed  the  occurrence  of  chromate  of  lead 
in  Pennsylvania,  upon  pyromorphite  and  carbonate  of  lead.  He  also 
noticed  the  occurrence  of  chalcotrichite  at  Perkiotnen  mine,  Penn- 
sylvania ;  sulphuret  of  nickel,  in  Lancaster  county,  Pennsylvania ; 
and  yenite,  from  O'Niel  mine,  Orange  county,  New- York. 


29.  On  Phosphate  of  Lime.    By  Prof.  E.  Emmons,  of  Albany. 
[Not  received,] 


30.  On  a  New  Locality  of  Red  Sapphire,  with  Notices  of  the 
Associate  Minerals.     By  W.  P.  Blake. 

••• "  These  crystals  of  corundum  are  remarkable  for  their 

great  irregularity  of  form  and  outline,  being  almost  without  exception 
filled  with  cavities  so  as.  to  present  a  mere  shell  of  solid  sapphire." 

The  color  of  the  finest  specimens  is  ruby  red,  passing  into  various 
shades  of  purple  in  different  specimens  :  they  are  translucent  to 
opake.  No  transparent  specimens  have  yet  been  found. 

The  associate  minerals  are  remaikable  for  their  beauty  and  pe- 
culiarities. The  following  list  embraces  those  which  occur  in  greatest 
abundance  : 


R«d0pinel, 

Rose  spinel, 

Hydroas  silicates  of  alumina, 

Ghondrodite, 

Hornblende, 


Iron  pyrites^ 

Hydrous  sesquiozide  of  iron, 

Graphite, 

Phlogopite, 

jgmerylitef 


The  following  occur  sparingly^  viz.  rutile,  ilmenite,  blue  fluor. 

It  is  interesting  to  observe  the  similarity  of  the  association  of  the 
minerals  of  this  locality  with  those  described  by  Prof.  J.  Lawrence 
Smith  in  his  memoirs  upon  the  corundum  and  emery  of  Asia  Minor, 
read  before  the  Academy  of  Sciences  of  the  French  Institute,  July 
15,  1850,  and  published  in  the  American  Journal  of  Science,  vdls. 
X  and  xiiy  2d  series. 
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a  GEOLOGY  AND  PHYSICAL  GEOGRAPHY. 


I.  PHYSIOAL   GEOGBAPHT. 

1.  On  thk  Gbographical  Vistribution  op  Animals  ufCALiFOftHu. 
Bf  Dr.  John  L.  Le  Conte,  of  Philadelphia* 

During  a  recent  journey  through  a  portion  of  California,  my  attention 
was  called  to  a  yery  remarkable  kind  of  geographical  distribution, 
both  of  animals  and  plants,  which  prevails  in  that  singular  portion 
of  our  country. 

It  is  well  known  that  the  abundance  and  beauty  of  Califbmis 
flowers,  during  the  early  weeks  of  spring,  i&  so* great,  that  the  wbole 
country  appears  like  a  highly  cultivated  garden  :  it  is  difficult  for 
the  traveller  to  believe  that  the  elaborate  arrangement  of  colors, 
which  every  where  meets  his  eye,  is  the  result  of  natural  causes ; 
and  irresistibly  the  attention  of  even  the  most  superficial  observer  is 
drawn  towards  the  delicate  forms  of  the  vegetation  which  surrounds 
him.  As  compared  with  the  eastern  part  of  the  continent,  the  greater 
dryness  and  cleamess  of  the  atmosphere  have  a  tendency  to  repress 
the  foliage  of  plants,  while  they  develop  in  a  wonderful  degree  the 
highly  colored  appendages  which  surround  the  generative  organs. 

While  the  attention  of  the  traveller  is  thus  directed  to  the  brilliaot 
color  and  peculiar  form  of  the  flowers,  he  will  not  be  less  conscious 
of  a  remarkable  phenomenon,  which  greatly  adds  to  the  pleasure  of 
travelling,  and,  at  least  in  the  flower-season,  makes  full  amends  for 
the  absence  of  tre^.  The  flower  of  to-day  will  not  be  seen  to- 
morrow ;  and  even  with  the  slow  manner  of  travelling  usually 
practised  in  California,  a  period  of  two  or  three  days  is  sufficient  to 
change  almost  all  the  plants.  Nor  is  this  a  change  produced  merely 
by  difference  of  latitude  or  elevation.  The  plants  of  the  sierra  in 
lat.  32°,  with  few  exceptions,  are  not  those  of  less  elevated  regions 
farther  north,  and  still  less  are  they  those  .of  the  Sierra  Nevada 
vidleys. 

This  being  the  case  with  the  vegetation,  it  became  important  to 
dietermiuQ  if  similar  principles  regulated  the  distribudon  of  animals. 
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With  a  ffwrnr  to  aseeitain  this  hcti  paiticoiarmte  was  taken  of  the 
localitieB  of  ^all  veptiles  and  .insects  collecCed  during  my  jonrneyi 
These  ooUeotijOOs:  were  made  principally  at  Ssn  Pranciseo,  San  Jose, 
San  Diegoi  YaUecitas  (<m  the  eastern  slc^e^f  the  sierra),  Junction 
of  the  Colorado  and  Gila,  and  in  the  valley  of  the  latter  river.  The 
data  fi)om  the  last  mentioned  region  are  very  imperfect,  the  eollection 
having  been  made  under  peculiarly  unfavorable  cirdunstances;  and 
during  the  coldest  season  of  the  year.  The  mammalia  and  birds  were 
less  noticed^  both  from  the  faetthat  they  had  been  diligently  collected 
by  previous  travellers,  and  from  a  want  of  sufficient  knowledge  re- 
specting the  objects  themselves.  For  in  California,  more  than  in  any 
other  country,  is  the  naturalist  obliged  to  rely  on  immediate  observa- 
tion ;  the  larger  objects,  especially,  in  the  present  condition  of  the 
country,  must  be  neglected,  as  there  is  no  possible  means 'by  which 
they  can-  be  preserved,  or  even  taken  care  of  and  transported  after 
preservation.  I  venture,  however,  from  our  present  knowledge  of 
the  higher  animals  pf  Western  America,  to  predict,  that  with  the 
exception  of  two  sets  of  species  hereafter  to  be  mentioned^  the  results 
vrill  be  found  to  agree  with  liiOse  derived  from  the  study  of  the 
inferior  orders. 

I  cannot  avoid,  on  the  present  occasion,  expressing  my-  sense  of 
de^  obligation  to  the  junior  officers  of  the  army,  stationed  at  the 
Colorado  and  at  San  Diego.  With  scarce  a  single  exception,  the 
officers  whom  I  had  the  pleasure  of  meeting  in  California  exhibited 
the  most  lively  desire  to  aid  my  researches  ;  not  only  by  the  frank 
hospitality,  which  has  connected  with  the  most  frightful  deserts  some 
of  the  happiest  reminiscences  of  my  life,  but  by  the  free  extension 
of  all  the  fiicilities  which  their  position  could  command.  Thus  was 
I  enabled  to  risit  distant  and  rarely  accessible  regions,  and  to  pursue 
even  min«te  investigations  on  land  never  before  visited  by  a  zoolo- 
gists Though  the  labor  was  mine,  to  them  belongs  the  honor  ;  for 
withottt  the  assistance  affi>rded  by  these  few  individuals,  who  still 
retain,  under  the  most  materializing  influences,  their  appreciation  of 
intellectual  pursuits,  I  feel  convinced  that  a  more  than  ordinary  share 
c^' sdieintifie  zeal  could  have  accomplished  absolutely  nothing.  For 
this. personal  iavor,  as  well  as  for  the  assistance  which  they  Will  al- 
ways take  pleasure  in  extending  to  scientific  men,  1  beg  to  offer  my 
most  heartfelt  thanks. 

The  firat  fact  observed  by  the  collector,  is.  the  very  small  number 
of  species  which  can  be  obtained  at  any  single  locality.  Day  after 
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day  he  meets  with  a  continual  repetition  of  a  few  common  fonoB, 
with  an  occasional  admixture  of  rare  specieg ;  so  that  at  the  end  of 
two  or  three  months  a  single  locality  will  have  fumiahed  him  with 
ahout  200  species  of  Coleoptera,  and  a  rather  less  number  of  other 
orders.  It  will  be  here  remembered  that  the  contrary  is  true  of  the 
eastern  part  of  the  continent^  where  each  locality  fumishea  a  large 
number  of  species,  extending  over  a  large  area,  and  represented  by 
comparatively  few  individuals. 

On  removing  to  another  locality,  the  same  thing  is  again  observed, 
with  this  difference  :  the  species  of  the  first  place,  even  the  most 
abundant,  are  replaced  by  others,  many  of  which  are  true  represent- 
ative species,  approaching  as  closely  as  those  of  Eastern  America 
and  Europe ;  while  others  belong  peculiarly  to  their  own  district, 
and  are  without  any  representatives  in  the  other  parts  of  the  country. 

The  arrangement  of  my  collection  is  not  yet  sufficiently  complete, 
to  enable  me  to  determine  the  numerical  proportion  of  species  com- 
mon to  two  or  more  localities  ;  but  I  may  safely  assert,  that  even  in 
adjoining  districts  it  does  not  exceed  7  or  8  per  cent.  I  may  likewise 
say  that  those  found  over  a  moderate  extent  of  country  usually  extend 
over  the  whole  ;  and  the  majority  of  them  are  either  found  on  this 
side  of  the  Rocky  Mountains,  or  are  represented  by  species  so  nearly 
allied,  that  it  may  be  doubted  if  they  should  not  rather  be  regarded 
as  climatic  varieties.  It  must  be  observed  that  the  localities  east  of 
the  Sierra  ( Vallecitas,  Colorado  and  Gila)  show  more  resemblance 
in  their  productions  than  the  maritime  regions  of  Cali&mia  :  the 
desert  nature  of  the  country  undoubtedly  produces  this  effect,  by 
presenting  conditions  unfavorable  to  animal  life ;  yet  even  in  this 
uniformly  sterile  tract,  great  differences  are  observed  among  the 
smaller  species  which  abound  only  in  moist  places. 

From  the  distribution  of  species,  I  was  next  led  to  examine  into 
the  nature  of  the  distribution  of  genera  and  groups ;  expecting  that 
a  similar  geographical  position  would  produce  a  certain  resemblance 
to  the  fauna  of  Europe,  and  thus  vindicate  the  effects  of  physical 
causes  in  the  organic  creation. 

According  to  a  catalogue  made  at  the  time  the  species  occurred, 
in  the  principal  groups  of  Coleoptera,  there  are  Carabica  170, 
Aquatics  70,  Silphales  6,  Histeridae  30,  Searabsei  25,  Malachidse  26, 
Elateridae  25,  Curculionidas  70,  Longioomia  13,  Chrysomelidae  50, 
Tenebrionidae  130,  Staphylini  135.  The  whole  number  of  spedes 
collected  amounted  to  a  little  over  1000. 
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Tbe  first  point  wcfrtHy  of  notice  in  this  list  is  the  extremely  small 
number  of  Scarabeei,  Elateridae  and  Longicomia  :  this  might  have 
been  predicted,  as  these  insects  derive  their  food  for  the  most  part 
from  large  plants.  The  Curculiouidse  and  Chrysomelidee  are  not  in 
the  same  proportion  as  in  more  wooded  countries.  The  saprophagous 
Coleoptera,  with  the  exceptioa  of  Histeridas,  are  almost  wautitig ; 
and  these  latter  are  not  in  larger  proportion  than  with  us.  Thus  the 
only  effect,  so  far  observed,  is  the  paucity  of  species  in  tribes  for 
which  the  country  affords  but  little  food.  The  Staphylini  and  Garabica 
bear  the  same  proportion  to  the  whole,  that  they  do  with  us ;  while 
the  deficiency  caused  by  the  small  representation  of  the  tribes  men* 
tioned  above,  is  made  up  almost  entirely  by  the  Tenebrionidse,  which, 
as  is  well  known,  are  but  slightly  developed  in  Eastern  America. 
The  Malachidas  are  also  in  larger  proportion  than  in  other  parts  of 
the  continent. 

Neglecting,  on  the  present  occasion,  the  smaller  tribes,  let  us 
examine  into  the  constitution  of  the  groups  which  form  tbe  largest 
portion  of  the  insect  fauna  of  California. 

Among  the  Malachii  is  onoipew  genus  :  the  others  are  either 
Malachius,  Collops  or  Anthicomus,  genera  distributed  through  the 
other  parts  of  the  continent. 

In  the  Carabica,  but  few  new  genera  occur  :  almost  all  the  species 
belong  to  cosmopolitan  genera,  Cicindela,  Lebia,  Brachinus,  Pla- 
tynus,  Pteroatichus,  etc.  There  is  then  a  small  number  of  tropical 
genera,  peculiar  to  America,  and  extending  a  short  distance  into  the 
temperate  zone  :  Ega,  Diaphorus,  Lachnophorus.  The  remainder 
consists  altogether  of  genera  belonging  to  the  temperate  zone,  and 
found  both  in  Eastern  Anaerica  and  in  Europe.  Of  genera  found  in 
the  Atlantic  States,  not  in  Europe,  and  likewise  of  those  found  in 
Europe  and  not  in  Eastern  America,  there  is  not  a  single  species  in 
California*. 

The  Staphylini  contain  two  new  genera  :  the  others  are  either 
cosmopolitan,  or,  if  (as  Palaminus  and  Lispinus)  American,  are  also 
found  in  the  tropics. 

The  Tenebrionidse,  from  being  the  group  most  characteristic  of 
the  country,  might  be  supposed  capable  of  giving  us  the  most  certain 


*  Chaiidoir  hag  described  one  speoieB  of  Pasimaehtis  from  OalifornSa;  but  this 
genua  extends  into  tropical  Mezioou 
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data  with  regard  to  the  law  of  diatrilmtioni  The  great  majority  of 
the  genera  of  this  tribe  are  apterons ;  and  cf  those  which  are  not 
apterous,  a]1  the  genera  found  in  California  are  ooamopoHtan  (Pha^ 
leria,  Platydema,  Helops,  Uloma,  Tenebrio,  TJpis,  etc.),  except 
Blapstinus,  which  again  occurs  in  tropical  America.  Of  the  apterons 
genera,  only  three  are  found  in  eastern  temperate  America  :  two  of 
these  are  peculiar,  and  one  (Nosodenna)  whioh  esnsts  In  Caliibrnii 
is  also  found  in  Brazil.  Of  this  group,  there  are  in  California  about 
88  genera,  of  which  5  or  6  extend  into  the  tropics. 

The  Histeridse,  though  not  in  undue  proportion,  exhibit  a  pe- 
culiarity :  they  nearly  all  belong  to  the  genus  Saprinus,  which,  in 
Eastern  America  and  Europe,  forms  scarcely  one-fourth' of  the  group. 

Thus  the  only  manner  in  which  the  insect  fauna  of  Califomlt 
approaches  that  of  Europe,  is  in  the  great  abundance  of  apterous 
Tenebrionid®.  But  in  this  respect  it  does  not  differ  from  a  large  part 
sf  South  America ;  and  by  the  very  form  of  these  Tenebrionidae, 
which  bear  no  resemblance  at  all  to  those  of  Europe,  the  greater 
relation  of  the  Californian  fauna  to  that  of  the  rest  of  America  is 
clearly  proved.  It  will  be  seen,  too,  that  the  resemblance  to  Euro- 
pean forms  in  the  other  tribes  is  only  indirect,  proceeding  solely 
from  universal  or  zonal  forms,  while  the  greater  relation  is  again 
with  the  rest  of  America.  It  will  moreover  be  seen,  that  while  the 
stronger  relation  of  the  fauna  is  continental,  yet  a  sufficient  number 
of  individual  peculiarities  are  introduced  to  prove  that  it  constitutes 
a  system  of  its  own,  bearing  no  relation  to  that  of  Eastern  America*, 
except  the  slight  continental  resemblance  proceeding  indirectly 
through  die  tropics. 

Thus  the  comparison  between  the  fauna  of  California  and  that  of 
die  corresponding  portion  of  the  other  continent,  so  far  from  giving 
any  weight  to  the  hypothesis  that  similar  physical  conditions  will  be 
attended  with  similar  organized  products,  entirely  demolishes  this 


*  I  will  here  incidentally  remark,  that  the  insect  fauna  of  the  elevated  plams 
of  Miesoori  territory  apparently  resembles  that  of  California  more  than  that  of 
the  Atlantic.  Thu  is  produced  by  its  resemblanee  to  the  lisnna  of  the  devated 
parts  of  Mexico^  as  there  are  scarcely  any  species  common  to  the  two  region^ 
except  such  as  extend  farther  east  The  Missouri  territory  is  not  entitled  to  rank 
as  a  distinct  soological  district^  being  only  a  prolongation  of  Central  Mexico^  with 
gradual  alteration  depoadent  on  latitude^  and  a  aUgfat  adnixtore  from  tha  ne^ 
boring  provinces. 
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view,  and  shows  that  the  Tery  diTone  &una  of  diflforent  portions  of 
the  same  continent  are  yet  connected  together  by  a  strong  similarity 
of  plan. 

The  peculiarly  local  distribution  of  species  in  California  may  again 
be  made  use  of,  to  illustrate  this  position.  It  will  be  remembered  that 
the  researches  of  Charles  Darwin  have  shown  that  the  productions 
of  the  different  Gallipagos  islands,  though  having  a  general  resem* 
blance  to  each  other,  are  yet  peculiar,  each  set  to  its  own  island ; 
and  that  this  parallelism  between  the  islands  extends  through  all  the 
classes  of  organic  beings  Prof  Gray  has,  in  a  former  meeting  of 
this  learned  body,  commenced  to  show  that  the  same  b  true  (at  least 
of  the  plants)  in  the  Sandwich  islands ;  and  we  now  find  a  similar 
local  distribution  existing  on  the  adjoining  continent. 

Now,  on  the  ocean,  it  might  be  said  that  the  islands  are  separated 
by  impassable  barriers  of  water,  and  that  there  was  no  opportunity 
for  the  species  to  migrate  from  one  to  the  other ;  yet  the  same  kind 
of  distribution  has  not  been  observed  in  the  groups  of  islands  con- 
nected ivith  the  other  continent.  And  now  as  if  to  prove  a  funda- 
mental spiritual  relation  between  the  system  of  distribution  and  the 
part  of  the  world  in  which  it  occurs,  and  its  entire  independence  of 
physical  causes,  we  find  in  California  local  zoological  districts,  no 
larger  than  many  islands,  and  separated  almost  as  sharply  as  if 
limited  by  impassable  barriers  of  ocean  or  ice. 

Thus  do  we  see  plainly  the  inadequacy  of  physical  causes  to  ac- 
count for  even  the  distribution,  much  less  the  origin  of  organic 
beings ;  and  we  are  again  led  irresistibly  to  view  Nature,  in  all  heir 
manifestations,  as  the  direct  expression  of  an  original  and  harmonious 
plan  of  Qod, 

The  principles  shovni  by  the  preceding  analysis  may  be  expressed 
briefly  as  follows  : 

1.  California  constitutes  a  peculiar  zoological  district,  with  suffi- 
cient relation  to  the  other  districts  of  America  to  prove  that  it  belongs 
to  the  same  continental  system. 

2.  This  zoological  district  is  divided  into  several  sharply  defined 
sub-districts,  having  a  very  dose  resemblance  to  each  othes*   . 

Aft  the  same  mode  of  distribution  obtains  in  the  groups  oftslands 
adjacent  to  the  western  coast  of  America,  we  are  led  to  beUere, 

3.  That  the  local  distribution  of  a  small  number  of  species  is  ^be 
characteristic  of  the  eastern  Pacific  region,  as  the  extensive  distribu* 
tion  of  a  large  number  is  the  prevailing  feature  of  the  Atlantic. 
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4.  The  genera  occurring  in,  hut  not  peculiar  to,  this  district,  be- 
long to  two  classes  :  either  they  occur  on  the  Atlantic  slope  of  both 
continents,  or  they  are  peculiar  to  America,  and  are  also  found 
within  the  tropics. 


2.  Peculiarities  of  the  Climate,  Flora,  and  Fauica  of  the 
South  Shore  of  Lake  Erie,  in  the  Vicinitt  of  Cleyelahd, 
Ohio.     By  Dr.  J.  P.  Kirtland,  of  Cleveland, 

[  Not  received.] 
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3.    Remarks  upon  the  Unconformabilitt  of  thb  Paleozoic 
Formations  of  the  United  States.    By  Prof.  L.  Aoassiz. 

Prof.  Agassiz  demonstrated  that  the  palaeozoic  formations  follow 
each  other  in  regular  order  on  Lake  Superior,  and  in  the  northern 
part  of  America.  He  alluded  to  the  undulations  of  the  surface  of  the 
earth,  bulgings  and  sinkings  over  extensive  areas,  producing  such 
phenomena,  too  much  neglected  by  geologists,  as  table-lands  and 
low  plains.  He  held  to  the  theory  of  undulations»  instead  of  that  of 
the  upheaval  of  mountain-chains. 

Mr.  Foster  stated  that  he  hardly  believed  that  this  subject  had 
attracted  the  attention  which  it  deserved.  Take,  for  instance,  some 
of  the  mat  Coal  Measures,  and  it  would  be  found  that  there  were 
distincfmarks  often  separate  deposits,  evidently  showing  that  there 
had  been  successive  upheavals  and  depressions ;  for  each  deposit 
had  its  own  ripplemarks,  which  could  be  traced  on  what  was  once 
the  surface.  This  certainly  led  to  the  opinion  that  there  would  be  a 
want  of  conformability  where  these  undulations  occurred.  Again, 
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the  Gallia  Hmestone,  which  may  be  found  west  of  the  Mississippi, 
extending  to  an  immense  thickness,  thins  out  as  you  come  eastward, 
till  in  the  State  of  New- York  it  is  not  to  be  found.  It  is  evidently 
to  be  inferred,  from  the  most  recent  observations,  that,  while  the  se- 
dimentary series  of  rocks  were  being  deposited,  undulations  may 
have  taken  place  over  areas  of  vast  extent. 

Prof.  Hall  remarked  that  the  Lower  Silurian  limestones  of  New- 
York,  which  possess  a  thickness  in  this  State  qf  some  six  or  eight 
hundred  feet,  may  be  recognized  along  the  northern  shores  of  Lakes 
Huron  and  Michigan,  reduced  to  some  100  feet ;  and  that  still  fur- 
ther west,  the  same  rock  at  St.  Anthony's  Falls  is  reduced  to  a  thick- 
ness of  less  than  50  feet.  That  it  is  the  same  rock,  we  know  by  the 
fossils,  which  are  the  same  species  as  those  found  in  New- York, 
and  by  the  strata  which  occur  both  above  and  below.  Tliis  certainly 
proves  the  unconformability  of  the  succeeding  strata.  Another  in- 
stance may  be  cited  in  the  New- York  rocks,  known  as  the  Utica 
slate  and  Hudson-river  group,  which,  in  New- York,  has  a  thickness 
of  800  feet,  on  Lake  Huron  but  200,  while  between  Green  Bay  and 
the  Wisconsin  river  it  totally  disappears ;  and  with  its  disappear- 
ance, the  fossils,  which  characterize  this  rock,  are  lost  also.  Another 
instance  of  this  unconformability  is  the  disappearance  of  the  Medina 
sandstone  and  the  Oneida  conglomerate. 

This  is  one  of  the  difficulties  under  which  Western  geologists 
have  to  labor ;  and  which  will  remain,  until  the  various  surveys  and 
examinations  have  identified  the  rocks  of  the  y^ious  western  locali- 
ties, and  the  fossils  which  they  contain,  with  those  of  eastern  localities. 

The  Niagara  group  can  be  traced  along  the  north  shores  of  Lake 
Huron,  beyond  the  Mississippi,  into  Iowa ;  and  while  at  Niagara  it 
possesses  a  thickness  of  one  hundred  and  fifly  or  two  hundred  feef, 
in  the  more  eastern  portions  of  the  State  it  thins  out  to  four  or  five 
feet,  while  at  the  west  it  increases  in  thickness  to  a  much  greater 
extent)  and  this,  also,  forms  a  proof  of  the  unconformability  of  the 
strata. 

The  Onondaga-salt  group,  and  the  series  of  limestones  above,  and 
which  in  this  State  have  together  a  thickness  of  1800  feet,  are  en- 
tirely wanting  west  of  Lake  Huron,  while  there  are  some  of  these 
formations  which  may  be  traced  in  a  southwestern  direction  as  far 
as  Tennessee.  The  ripplemarks  are  satisfactory  evidence  that  these 
depositions  have  been  made  in  shallow  seas  daring  long  periods, 
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daring  which  undulatorj  moyemento  have  operaled  to  raise  and 
depresA  th^  surface. 

Prof.  AoASsiz,  who,  when  in  Switzerland  some  years  ago»  had  ex- 
amined the  series  of  the  formations  which  compose  the  Jvra,  found 
that  from  the  lias  to  the  chalk  there  were  seven  different  fiarmatsons  ; 
in  these  the  strata  were  unconformable.  He  had  then  been  accused 
of  making  differences  which  did  not  really  exist,  but'  time  had  at 
length  proved  that  he  was  correct  in  his  obserrations.  In  mountain 
chains,  the  strata  were  always  found  unconformable. 

Dr.  Hough  stated  that  in  the  northern  part  of  New-York  the 
proof  of  what  has  been  stated  is  very  finely  exemplified.  Limestone 
may  be  seen  to  thin  out  to  a  few  feet,  between  the  gneiss  and  the 
Chazy  limestone. 

Prof.  Emmons  did  not  believe  that  the  thinning  out  of  certain 
strata,  or  a  variation  in  the  thickness  of  a  rock,  was  any  proof  of 
unconformability.  It  was  true,  the  various  western  strata  may  not 
be  conformable  to  the  rocks  of  this  State,  but  it  is  no  proof  that  the 
various  strata  of  rocks  will  not  be  found  to  possess  conformability 
when  further  surveys  are  made. 

Prof.  Agassiz  said  that  the  total  disappearance  of  a  series  of  rocks, 
with  all  their  palaeozoic  remains,  ought  to  be  considered  as  a  strong 
proof  of  unconformability. 


4.  Comparison  of  the  Geological  Features  op  Tbnnbssbb  with 
THOSE  OF  THE  State  OF  New-York.  By  ProC  James  Hall, 
State  Geologist  of  New- York. 

Prof.  Hall  commenced  by  stating  that  our  previous  knowledge  of 
this  region  had  been  derived  mainly  from  the  publiabed  reports  of 
Prof.  Troost,  and  from  a  map  of  Dr.  D.  D.Owkn.  From  liie  Ibssile 
published  by  Dr.  Troost,  it  would  appear  that  the  lower  and  upper 
Silurian,  devonian,  and  even  carboniSnrous  species  occur  together  in 
this  basin.  The  lists  of  fossils  given,  and  which  had  been  eited  in 
for^gn  publications,  showed  that  there  had  been  no  attempt  made 
to  distinguish  the  successive  groups  as  they  were  ebev^ere  recog- 
nized, and  particularly  in  the  State  of  New-York.  The  only  sub- 
divisions of  the  lower  strata  attempted  in  the  West  had  been  into 
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Blue  limestoDe  and  Cliff  litnestone,  the  rocks  above  these  being  all 
of  carboniferous  age. 

Prof  Hall  said,  that  for  several  years  past,  Prof.  J.  M.  Safford 
bad  been  making  examinations  in  this  part  of  the  counti^,  the  ge- 
neral result  of  which  he  had  presented  in  a  geological  map,  showing 
not  only  the  limits  of  this  silurian  basin,  but  also  the  subdiviuons 
which  he  proposed  to  make,  and  whidi  were  characterized  by  cer* 
tain  fossils.  The  fossils  collected  by  Prof.  Safford  amounted  to  sonse 
200  species,  about  one  half  of  which  were  identical  with  those  known 
in  the  rocks  of  New- York.  In  general  terms,  we  might  say  that  the 
rocks  of  nearly  the  whole  of  this  basin  corresponded  to  the  low«r 
Silurian  limestones  of  New- York.  In  the  Iowot  portion  of  the  series 
in  this  basin,  Prof  Safford  recognizes  three  divisions.  From  the  lower 
of  these  divisions  he  has  brought  eight  species  of  fossils ;  and  oi 
these  eight  species,  five  are  of  species  characteristic  of  the  Birdseye 
and  Black-river  limestones  in  New- York,  and  the  other  three  ap- 
peared to  be  new  or  undescribed  species.  From  the  second  division, 
fifty-eight  species  had  been  collected)  of  which  twenty-eight  wore 
identical  with  species  known  in  New- York,  and  mainly  those  cha- 
racteristic of  the  Trenton  lime8tcHie»  a  few  species  only  being  those 
which  occur  in  the  Birdseye  and  Blackrriver  Kmestones.  In  the  up- 
per of  these  subdivisions,  sixteen  species  had  been  found,  of  which 
eleven  were  known  as  characteristic  of  New- York  strata,  and  nearly 
all  of  the  Trenton  limestone.  Among  the  fossils  here  enumerated 
were  the  Ormocerast  the  Ganioceras,  and  the  Endoceras  /the  Orth^ 
ceras  JunfarTim,  and  other  remarkable  and  characteristic  species  of 
lower  Silurian  age,  and  particularly  of  the  Black-river  and  Trenton 
limestones. 

Prof  ^ALL  said  that  he  had  collected  the  Gtmiocertu  ancept  ( a 
cephalopod  of  peculiar  structure)  in  the  Black-river  limestone  of 
New- York,  and  had  traced  its  occurrence  in  the  same  geokigicBl 
position  as  far  as  the  Mississippi  river,  and  it  occurred  also  in  the 
basin  of  Tennessee.  In  all  the  localities  it  was  associated  with  Or* 
mocercu  or  Actinocercu,  ColuTnnaria,  and  other  fossils  which  were 
associated  in  the  same  geological  pontioo  in  New-York«  It  seemed» 
therefore,  scarcely  possible  to  avoid  the  conclusion  tha(t  this  lower 
limestone  of  Tennessee  was  the  equivalent  of  thd  Black-river  lime- 
stone of  New- York,  and  that  perhaps  also  a  portion  of  the  Birdseye 
limestone  was  included  With  it.  In  the  second  and  third  divisions 
there  were  about  forty  species  of  fossils  common  to  those  rocks,  and 
17 
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to  the  Trenton  limestone  of  New- York;  making  the  conclusion 
unavoidable,  that  the  strata  of  these  two  portions  of  country  were 
of  the  same  age. 

In  the  same  manner  the  upper  or  Nasfayilie  group  of  limestonest 
which  Prof.  Safford  proposed  to  subdivide  into  three  subordinate 
groups,  contained  so  many  fossils  which  were  identical  with  those  of 
the  Hudson-river  p^oup  of  New- York,  or  with  those  which  were 
identical  with  species  common  to  the  Trenton  limestone  and  Hudson- 
river  g^oup,  that  the  conclusion  was  unavoidable  that  the  two  were 
of  the  same  age.  It  would  seem,  however,  that  some  of  the  Trenton 
species  are  found  in  a  lower  position  than  in  New- York  ;  and  that 
the  subdivision  into  Birdseye,  Black-river,  and  Trenton  limestone, 
is  not  as  clearly  marked  in  Tennessee  as  it  is  further  to  the  east  and 
northeast. 

In  this  connection,  Prof.  Hall  exhibited  sections  and  diagrams, 
and,  by  illustrations  from  a  geological  map  of  the  United  St^es, 
showed  that  the  lower  silurian  limestones,  or  those  known  as  Chazj, 
Birdseye,  Black-rivor,  and  Trenton  limestones,  thinned  out  in  a 
northwesterly  direction,  till  they  were  less  than  one  hundred  feet 
thick  on  the  north  shore  of  Lake  Michigan  and  the  west  shore  of 
Green  Bay ;  that  in  Wisconsin,  they  were  less  than  seventy-five  feet 
thick ;  and  at  the  Falls  of  St.  Anthony,  on  the  Mississippi  river,  they 
were  less  than  fifVy  feet  thick.  In  Tennessee,  the  same  strata,  as  far 
as  seen,  were  two  hundred  feet  thick,  and  the  base  bad  not  yet  been 
reached. 

In  like  manner,  the  Hudson-river  group  gradually  thins  out  in  the 
west  and  northwest,  its  sandy  portions  disappearing  in  Canada  West ; 
and  though  eight  hundred  feet  thick  in  New  York,  is  less  than  two 
hundred  on  the  north  shore  of  Lake  Michigan,  and  disappears  en- 
tirely in  Wisconsin.  In  Tennessee,  the  rocks  corresponding  in  posi- 
tion are  nearly  all  of  limestone,  and  have  a  thickness  of  about  three 
hundred  feet.  The  strata  succeeding  these  lower  silurian  limestones 
are  known  as  the  Gray  limestone.  From  this  limestone,  forty-two 
species  of  fossils  had  been  collected,  of  which  twenty-seven  were 
known  species,  and  common  to  the  rocks  of  New- York  as  well  as 
Tennessee.  But  what  was  very  remarkable,  was  the  fact  that,  of  these 
twenty-seven  species,  several  were  of  the  Niagara  group,  or  those 
known  only  in  the  rocks  of  that  period,  while  others  were  known 
only  in  the  Lower  Helderberg  limestones;  and  others  still  were 
found  only  in  the  Upper  Helderberg  limestones,  or  the  Onondaga 
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and  Corniferous  limestones  :  thus  showing  that  rocks  of  the  Middle 
and  Upper  Silurian  periods,  and  of  the  Devonian  period,  were  here 
united  in  one,  or  that  the  formation  was  altogether  so  uniform  and 
homogeneous  that  no  subdivision  could  be  made ;  that  the  Onondaga- 
salt  group  of  New- York,  having  a  thickness  of  eight  hundred  or  a 
thousand  feet,  has  entirely  disappeared  ;  and  that  the  Niagara  and 
Lower  Helderberg  limestones  thus  come  in  contact  And  again,  from 
th^  absence  of  the  Oriskany  sandstone  and  the  Cauda-galli  grit,  the 
Lower  and  Upper  Helderberg  limestones  are  united  ;  and  thus  the 
three  limestones,  so  widely  separated  in  New- York,  beconie  phy- 
sically one  limestone  in  Tennessee. 

Prof.  Hall  showed  that  each  of  these  periods  in  New- York  were 
marked  by  the  presence  of  more  than  three  hundred  species  of  fos- 
sils, and  that  very  few  of  these  passed  from  one  group  to  the  next ; 
showing  conclusively  that  they  were  distinct  formations,  and  of  dis- 
tinct and  succeeding  creations.  He  remarked  that  this  collection  of 
fossils  afforded  some  evidence  of  the  influence  of  latitude  upon  the 
development  of  animal  life,  and  that  climatic  influences  had  prevailed 
at  that  early  period  as  well  as  in  subsequent  ones.  Of  the  lower 
silurian  species,  one  half  were  new,  or  unknown  in  the  rocks  of 
New- York  of  the  same  age,  from  which  four  hundred  species  were 
already  known.  In  comparing  the  proportion  of  new  species  from 
the  northern  and  northwestern  localities,  there  were  scarcely  more 
than  ten  per  cent  of  new  species  ;  while  at  the  same  distance  to  the 
southwest,  the  proportion  was  ten  times  as  great.  Whether  or  not 
this  proportion  would  hold  true  on  further  examination,  it  could  not 
nowl>e  determined;  but  since  so  many  specimens  had  been  col- 
lected, and  over  such  wide  areas,  it  was  evident  that  there  were 
most  incontestible  proofs  of  the  occurrence  of  a  larger  number  of 
species  in  localities  of  the  same  extent  at  the  south,  than  in  northern 
localities.  This  difference  was  therefore  to  be  accounted  for  either 
from  climatic  agencies,  or  from  other  circumstances  more  favorable 
to  the  development  of  species  in  the  southern  than  in  the  northern 
localities. 
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5.  On  some  of  the  Thermal  Waters  of  Asia  Minor  ;  with  ah 
Account  of  the  Nature  of  their  Locality  and  Composition. 
By  Prof.  J.  Lawrence  Smith,  of  the  University  of  Louisiana. 

This  is  a  continuation  of  a  series  of  examinations  on  this  suhject* 
part  of  which  has  already  been  published.  This  paper  comprifies, 
first,  the  water  of  Yalova,  near  the  gulf  of  Nicomedia,  and  that 
have  been  for  many  ages  in  more  or  less  repute,  and  have  recendy 
been  again  brought  to  notice.  They  are  celebrated  in  history  for  tbe 
cure  of  St.  Helena,  the  mother  o^  Constantino  the  GireaL  Tempera- 
ture of  water  151«>  to  156°  Fahr.    Sp.  grav.  1,00115. 

coMFoernoN  nc  ovlaumms. 

1  litre  :  Sulphate  of  soda ,807 

Sulphate  of  lime ,414 

Chloride  of  sodium ,072 

Chloride  of  calcium ,068 

Sulphate  of  magnesia 006 

Sulphate  of  alumina trace. 

Silica ,085 

A  gas  escapes  from  the  sources,  of  which  there  are  about  nine.  TIm 
gas  contains,  in  100  parts,  nitrogen  97,  oxygen  3.  These  waten 
resemble  those  of  Bath,  in  England. 

Waters  of  HierapolU.  These  are  about  one  hundred  and  twenty 
miles  south-southeast  of  Smyrna,  and  are  amidst  the  ruins  of  the 
ancient  city  of  Hierapolis.  This  place  is  celebrated  for  its  wonder- 
ful encrustations  from  these  springs,  which  cover  the  sides  of  the 
hill  for  upwards  of  a  mile  in  length.  The  temperature  of  the  water 
is  130^  Fahr.,  and  sp.  grav.  1,00143.  In  one  litre,  it  contains,  in 

grammes. 

Bicarbonate  of  soda 078 

Biearbonate  of  lime 1 ,  368 

Bicarbonate  of  magnesia^ ,041 

Chloride  of  calcium ,020 

Sulphate  of  soda ,841 

Sulphate  of  lime ,119 

Sulphate  of  magnesia ,431 

Phosphate  of  lune ,012 

Silica ^....  ,008 


The  encrustation  of  the  spring,  in  one  hundred  parts,  containB» 

...     ,fl 


Carbonate  of  lime ,  982 

Silica.. ,006 

Magnesia 

Phosphate  of  lime }>      ,012 

Fluoride  of  calcium  . . . 
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Watert  of  Eski-Shehr,  These  waters  are  in  the  ancient  plains  of 
Doryleum,  and  about  one  hundred  and  thirty  miles  from  the  sea  of 
Marmora,  and  as  many  south  of  the  Black  sea.  Its  temperature, 
119^Fahr.;  sp.  grav.  1,00017.  Contains  but  a  Tory  small  amount 
of  solid  matter.  In  one  litre, 

Bicarbonate  of  soda ,819 

Bicarbonate  of  lime ,078 

Bolphaieof  soda ,081 

Sulphate  of  lime ,029 

Chloride  of  calcium. trace. 

BiUoa ,008 

Thermal  Wafers  of  Troy.  Near  the  plains  on  which  this  ancient 
city  once  stood,  are  several  warm  springs,  most  of  them  saline. 
Two  were  examined,  and  exhibited  the  same  composition.  In  one 
litre,  there  are,  in  grammes, 

Carbonate  of  lime « . . . .  ,1886 

Sulphate  of  soda ,0607 

Sulphate  of  lime ,0640 

Chloride  of  oaleium 8,6U78 

Chloride  of  magnesium ,7081 

Bromide  of  magnesium traoe. 

Chloride  of  iron traoe. 

Silica ,0600 

Chloride  of  sodium 17 ,4450 

Thermal  Waters  of  Meiylene.  On  this  island  there  are  a  noxnber 
of  thermal  sourcesi  and  the  island  exlubita  abundant  evidence  of 
volcanic  action.  Two  sources  were  examined  :  the  Edemyek  Oih 
Unjah  source  contains,  in  one  litre,  in  grammea. 

Bicarbonate  of  lime ,  8450 

Solphateof  soda..... ,0857 

Sulphate  of  lime ,0880 

Chloride  of  sodium ,6510 

Chloride  of  oalcium ,0865 

Chloride  of  magnesium ,  1628 

Silica 0160 

The  other  source  examined  is  called  &mj^ii  :  its  temperature  b 
117^  Fahr. ;  and  the  composition  of  one  litre  is,  in  grammesp 

Carbonate  of  Uae •  ,0918 

Sulphate  of  soda 1,4625 

Sulphate  of  lime 1 ,8000 

Sulphate  of  alumina 0,0881 

Chloride  of  sodium 28 ,0260 

Chloride  of  calcium 2,0040 

Chloride  of  magaeaiQiii 0, 2028 

Carbonate  of  iron 0,0088 

Bromide  of  magnesium minute  quantity. 
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6.   On  the  Existence  op  Diluvial  Aobncie8  durino  the  EASLiKa 
GEOLOofcAL  Periods.     By  Franklin  B.  Houoh*  M.  D. 

The  abrading  and  polishing  action  of  moving  masses  of  rock,  upon 
superBcial  strata,  has  operated  so  generally,  that  it  may  be  said 
to  present  one  of  the  most  common  and  familiar  of  g^logical  phe- 
nomena, and  has  usually  been  considei'ed  as  peculiar  to  the  drift 
period  and  other  still  later  epochs  in  our  earth's  history. 

The  object  of  this  communication  is  to  state  a  few  facts,  tending 
to  prove  that  the  causes  which  produced  these  appearances  have 
operated  in  exceedingly  remote  periods,  and  at  great  intervals. 

An  instance  is  mentioned  by  Professor  Emmons,  in  his  Agricul- 
tural Report,  vol.  1,  p.  217,  in  which  polished  and  grooved  surfaces 
occurred  between  strata  of  Trenton  limestone,  at  Plattsburgh,  and 
Cumberland  Head  on  Lake  Champlain,  and  at  a  locality  thirty  miles 
south  of  these  places.  In  these  cases  the  rock  above  is  stated  to  be 
in  lithological  characters  and  fossils  similar  to  that  below,  and  that 
the  inferior  surface  of  the  upper  layer  presented  an  exact  cast  in 
relief  of  the  one  below. 

I  have  observed  several  instances  of  a  similar  character  in  North- 
ern New- York,  which,  from  the  evidence  they  furnish  of  the  action 
of  denuding  causes  in  early  periods,  are  worthy  of  special  record. 
One  of  the  roost  interesting  of  these  localities,  and  one  that  would 
equally  repay  the  visit  of  the  geologist  and  the  tourist,  is  at  Deer 
River  Falls,  one  mile  below  the  village  of  Copenhagen,  in  Lewis 
county,  N.  Y. 

The  river  is  here  precipitated  down  a  chasm  in  the  Trenton  limo- 
stone,  to  a  depth,  it  is  said,  of  270  feet.  Near  the  bottom  of  tbese 
cliffs,  the  sections  in  the  strata  present  in  several  places,  and  at 
different  JereU,  a  peculiar  waved  line,  produced  by  the  removal  of 
portions  of  the  upper  surface  of  a  stratum,  the  lower  side  of  which 
remains  level.  The  uniformity  of  stratification  is  not  disturbed  either 
above  or  below.  In  several  instances  the  rock  above  has  been  re- 
moved, presenting  continuous  furrows,  three  or  four  inches  deep 
and  afoot  broad,  with  an  uniform  and  parallel  course  in  this  instance 
varying  but  little  from  west  to  east. 

The  depth  and  uniformity  of  these  grooves,  with  the  want  of  po- 
lish upon  their  surface,  would  indicate  that  the  rock  had  not  acquired 
solidity  at  the  time  of  their  formation.  Quite  a  number  of  waved 
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lines  may  be  seen  on  the  face  of  the  preci{»ice  at  this  place,  with 
intervening  level  strata  many  feet  in  thickness ;  thus  indicating  a 
repetition  of  the  causes,  with  intervening  periods  of  repose. 

A  similar  occurrence  may  be  noticed  in  the  road  one  mile  west 
of  Champion  village,  Jefferson  county,  in  which  the  direction  of  the 
furrows  is  also  east  and  west.  Other  localities  precisely  similar  may 
be  seen  below  the  bridge  on  Deer  river,  between  Denmaik  and 
Champion  ;  and  on  both  branches  of  Mill  creek,  above  the  village  of 
Lowville.  At  the  last  mentioned  place,  the  direction  of  the  furrows 
is  nearly  north  and  south. 

The  occurrence  of  these  furrows  at  localities  many  miles  apart, 
is  sufficient  to  convince  the  careful  observer  that  they  were  pro- 
duced by  agencies,  that  operated  with  uniformity  over  extensive 
surfaces. 

All  of  these  abrasions  occur  near  the  base  of  the  Trenton  lime- 
stone ;  and  at  Lowville,  they  are  but  a  few  feet  above  the  stratum 
corresponding  with  the  Isle  la  Motte  marble. 

A  more  interesting  and  characteristic  locality  of  furrowed  sur- 
faces underlaying  rocky  strata,  was  first  noticed  by  Mr.  W.  E.  Guest, 
of  the  village  of  Ogdensburgh,  about  a  mile  above  that  place,  near 
the  St.  Lawrence  river,  and  between  strata  of  Calcifercus  sand- 
stone. The  rock  below  this  is  a  coarse  gritty  sandstone,  mostly 
without  fossils ;  while  that  above  is  an  impure  limestone,  contain- 
ing the  EuompJialus  uniangulatui,  a  fossil  characteristic  of  the 
Calciferous  sandstone,  and  several  undetermined  coralloids.  It  forms 
a  durable  building  stone,  and  has  been  long  used  in  making  lime. 
The  specimens  exhibited  were  procured  at  this  place,  and  present, 
as  may  be  seen,  two  series  of  scratches  crossing  at  an  angle  of 
about  45°.  The  deeper  and  older  grooves  extend  from  NNE  to 
SSW,  while  the  slighter  and  more  recent  ones  extend  from  10°  W 
of  N  to  10^  E  of  S.  The  marks  of  attrition  are  quite  as  distinct  as 
is  ever  noticed  on  superficial  rock,  and  were  evidently  made  afler 
the  stratum  had  acquired  a  solidity  quite  equal  to  that  which  it  now 
possesses.  At  one  point  on  the  shore  of  the  St.  Lawrence,  the  point 
of  contact  between  the  strata  which  contain  the  scratches  may  be 
seen  at  low  water. 

At  the  locality  where  the  specimens  were  procured,  the  furrows 
are  seen  passing  horizontally  under  an  abrupt  terrace  of  the  coarse 
limestone  about  twenty  feet  high ;  but  the  exact  point  of  contact 
was  not  seen,  it  being  covered  by  a  wall.  The  surface  of  the  rock 
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aboTO  exhibits  here  no  marks  of  abrasion^  although  elsewhere  it 
preserves  them  with  great  distinctness.  After  a  carainl  study  of  the 
locality,  I  have  not  the  slightest  doubt  but  that  the  terrace  of  lime* 
stone  overlays  the  grooved  and  polished  rock  in  question.  At  a 
locality  one  mile  east  of  the  village  of  Hammond,  in  St.  Lawrence 
county,  an  appearance  quite  similar  may  be  noticed. 

These  instances,  although  insufficient  to  decide  the  disputed 
question  of  the  manner  in  which  the  abrading  forces  acted,  at  least 
indicate  that  they  existed,  and  operated  with  the  same  effect,  and 
doubtless  under  the  same  circumstances,  during  the  eras  of  the 
Calciferoos  sandstone  ^d  Trenton  limestone,  as  in  the  Drift  period. 


7.  On  the  Terraces  and  Sea-Beaches  that  have  been  formed 
SINCE  the  Drift  Period,  especially  those  along  the  Coif- 
necticut  RivbrI      By  Edward  Hitchcock,  D.  D.,    LL.  D.t 

President  of  Amherst  College. 

Two  years  ago,  I  called  the  attention  of  the  Association  to  this  sub* 
ject,  soon  after  I  commenced  its  examination.  Since  that  time  I  have 
been  collecting  facts,  both  in  this  country  and  in  Europe,  and  at- 
tempting to  mature  my  conclusions.  Last  year  I  presented  the  sub- 
ject briefly  to  the  British  Scientific  Association,  at  their  meeting 
held  in  Edinburgh.  I  do  not  propose  in  this  paper  to  attempt,  to 
much  extent,  a  detail  of  the  facts  coUeotedt  but  rather  to  state  the 
leading  conclusions  to  which  I  have  been  brought,  with  a  brief  sunn 
mary  of  facts.  Terraces  are  of  three  kinds  : 

1.  River  Terracett  the  most  perfect  of  all ;  formed  along  the  sidea 
and  at  the  mouths  of  rivers,  and  especially  in  basins.  Of  four  kinds : 
1.  The  Lateral  terrace ;  2.  The  Delta  terrace ;  3.  The  Gk>rge  ter- 
race ;  4.  The  Glacis  terrace,  the  latter  the  most  perfect  in  the  val* 
lies  of  the  Alps.  Most  of  the  details  in  this  paper  relate  to  River 
terraces. 

2.  Lake  Terraces,  Sometimes,  as  in  the  small  lakes  of  New* York* 
these  seem  to  be  merely  the  lateral  terraces  of  an  expansion  of  a 
former  river ;  sometimes,  more  probably,  ancient  beaches,  on  ahores 
of  the  lake,  as  around  our  larger  lakes. 

3.  All  terraces  that  cannot  be  referred  to  rivers  or  lakes,  must  be 
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considered  as  Sea  beacbes.  Tli^  inost  perfect  are  tbose  now  existiDg 
along  our  sbores.  As  we  ascend  they  become  less  distinct,  until  the 
highest  cannot  be  distinguished  from  drift. 

General  Cliaracteristics  of  the  Terraces  and  Sea  Beaches. 

1.  The  most  perfect  terrace  is  an  alluvial  meadow,  which  I  call 
the  lowest  terrace, 

2.  Ascending  from  the  meadow,  we  find  successivelj  terraces  of 
claj  and  sand,  of  fine  pebbles,  o£  coarse  pebbles ;  then  a  sea  beach 
of  sand  or  gravel,  with  boulders  intermixed  j.  and,  finally,  a  coarse 
driA,  highest  and  deepest  of  all.  (Refer  to  drawings.) 

Origin  of  the  Materials. 

1..  Mainly  from  the  drift ;  so  that  terraces  may  usually  be  re- 
garded as  modified  drift. 

2.  From  erosions  of  the  rocks  by  water  and  ice. 

Details  of  Facts. 

1.  In  this  country.  My  researches  have  been  mostly  confined  to 
tbe  Northern  States,  and  mainly  to  New-England. 

[Show  a  map  of  the  terraces  along  Conneeticut  river;  ako  of  the  basin  of 
Deerfield  river,  and  of  Weatfield  river ;  around  the  gorge  at  Brattleboro',  and  at 
Bellows  falls ;  ^oog  Fort  river  in  Amherst  and  Pelham.  ] 

2.  In  Europe,  In  Wales,  few  terraces,  but  decisive  marks  of  an* 
ci^t  glaciers. 

In  England,  terraces  not  well  marked.  Beaches  not  unfrequent. 

In  Scotland,  the  terraces  and  associated  phenomena  resemble 
tbose  in  the  United  States. 

In  Germany,  along  the  Rhine,  are  teiTaces;  ex.  gr.  between  Bonn 
and  Cologne  (near  the  former),  a  terrace  15  or  20  feet  high,  formed 
by  the  river  gradually  changing  its  bed.  Above  these  are  beds  of 
coarse  sand  and  gravel.  Between  Bonn  and  Mayence  are  numerous 
examples  of  terraees,  rarely  more  than  two;  sometimes  beaches 
above  them.  Terraces  not  unfrequent  in  the  wider  parts  of  the  val- 
ley above  Bingen.  Beyond  Heidelberg  to  Basle,  terraces  are  occa- 
aionally  seen,  and  now  and  then  a  beach  at  a  higher  level.  Abovd 
Basle,  terraces  are  numerous,  the  two  lowest  very  distinct :  beaches 
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higher  up.  Around  Bruges,  where  the  rivers  Reuse  and  Limmat 
unite  with  the  Aar,  terraces  are  fine.  The  highest  terraces  on  the 
Rhine,  above  Basle,  are  as  much  as  300  feet  above  the  river,  and 
1200  feet  above  the  ocean.  I  noticed  beaches  certainly  as  high  as 
940  feet  above  the  river,  and  1915  above  the  ocean.  Three  or  four 
terraces  around  Lake  Zurich  :  the  highest  I  found  380  feet  above 
the  lake,  and  1734  above  the  ocean.  (Zurich  lake  1342  feet  above 
the  sea.)  An  imperfect  beach  2165  feet  above  the  ocean. 

Between  Lucerne  and  Berne,  terraces  are  abundant ;  the  highest 
1705  feet  above  the  sea,  and  325  above  the  lake,  with  beaches 
above  them  :  say  the  highest  2274  feet  above  the  sea,  Lucerne  be- 
ing 1380  feet. 

Between  Berne  and  Vevay,  teiTaces  are  frequent,  with  sea  beaches 
away  from  the  rivers.  Highest  beach  (Berne  1856  feet)  2667  feet 
above  the  ocean. 

Three  or  four  terraces  (not  fully  continuous)  on  the  north  and 
west  shores  of  Lake  Leman,  begiuing  at  Lausanne  and  reaching  to 
Geneva. 

Between  Geneva  and  Chamouny,  terraces  are  numerous  along 
the  Arve.  Between  Lake  Leman  and  the  Arve,  the  highest  is  140 
feet  above  the  lake,  and  1370  above  the  ocean.  At  Sallenche  the 
highest  is  5S0  feet  above  Leman,  and  1810  above  the  ocean.  At 
Chamouny  are  some  terraces  (in  a  basin)  3270  feet  above  the  ocean. 
At  Argentiure  are  others  4100  feet,  and  at  La  Tour  others  4353 
feet  above  the  ocean.  On  the  Eau  Noire,  in  the  pass  of  Tete  Noire, 
the  highest  is  4218  feet.  None  on  the  Rhone  around  Martigny  : 
valley  remarkable. 

Phenomena  in  Switzerland  and  Sardinia  similar  to  those  in  North 
America,  except  that  modem  glaciers  have  covered  the  terraces  in 
tome  places  with  moraines.  In  the  great  valley  of  Switzerland,  I 
•aw  but  slight  traces  of  former  glaciers  :  the  drift  there  mostly  mo- 
dified as  in  this  country. 

In  Scandinavia,  the  surface  has  been  subject  to  a  secsata  movement 
since  the  terraces  were  formed  (See  a  paper  by  Robert  Chambers,  in 
the  New  Edinburgh  Philosophical  Journal  for  January,  1850). 

In  Ireland,  osars  are  common,  as  well  as  unmodified  drift. 
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CONCLUSIONS. 

1.  For  the  most  part,  the  terraces  and  beaches  lie  above  the  un- 
Btratified  drift,  and  were  therefore  subsequently  formed;  yet  in  some 
instances  the  drift  is  mixed  with  the  laminated  and  modi^ed  mate- 
rials, and  erratic  blocks  are  strewed  over  the  same,  shewing  that  the 
drift  agency  recurred  occasionally  in  connection  with  the  modify- 
ing agency. 

2.  These  beaches  and  terraces  have  been  formed  chiefly  by  the 
action  of  water,  modified  in  some  cases,  perhaps,  by  ice.  Proof  1. 
The  sorting  of  the  materials,  so  that  the  fragments  or  pebbles  should 
be  only  of  a  certain  size  in  the  different  terraces.  2.  The  horizon- 
tal arrangement  and  more  or  less  level  tops  of  the  terraces,  and 
glacis-form  of  the  beaches.  3.  The  rounded  form  of  the  coarser 
fragments,  and  the  comminuted  state  of  the  finer  portions  of  the  ter- 
races. 4.  The  large  boulders,  and  especially  the  trains  of  angular 
fragments  sometimes  mixed  with,  or  strewed  over  the  terraces  and 
beaches,  as  well  as  those  rounded  hills  and  depressions  and  ridges 
sometimes  called  iceberg  moraihes,  indicate  the  presence  of  ice  as 
icebergs,  in  the  waters. 

3.  The  beaches,  and  perhaps  some  of  the  highest  terraces,  were 
formed  by  the  waves  and  currents  of  the  ocean ;  while  the  lower  ter- 
races were  formed  in  lakes,  or  the  expansions  of  our  present  rivers 
as  they  gradually  wore  away  their  barriers.  Proof  1.  If  the  wa^ 
ters  rose  high  enough  to  form  the  beaches,  they  must  have  been 
oceanic,  because  these  beaches  are  so  high  that  no  banier  could 
have  been  interposed  between  them  and  the  present  ocean.  2.  Many 
of  the  most  recent  terraces  are  so  low,  and  so  cut  off  by  rocky  bar- 
riers from  the  ocean,  save  through  the  gorge  of  a  river,  that  the  wa- 
ters of  the  sea  could  not  have  formed  them  ;  because  it  could  have 
reached  them  only  through  that  rocky  gorge. 

4.  The  whole  work  seems  to  have  been  the  resiilt  of  the  gradual 
and  slow  drainage  of  the  country  as  it  rose  from  the  ocean,  or  the 
ocean  withdrew  from  it 

5.  A  slow  and  equably  vertical  movement  of  the  continents  or 
the  waters  is  sufficient  to  account  fer  the  formation  of  most  of  the 
beaches  and  terraces,  without  supposing  the  sudden  bursting  o£  bar- 
riers, or  pauses  in  the  movement.  Proof  1.  Show  how  river  ter- 
races are  now  forming  by  the  streams  wearing  away  one  o£  their 
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banks,  and  depositing  a  meadow  on  the  opposite  side.  2.  Show 
how  delta  terraces  might  have  been  formed,  by  the  gradual  with- 
drawment  of  the  waters  of  a  lake,  or  estuary,  laying  bare  a  terrace, 
through  which  the  river  must  now  cut  its  way.  In  doing  this  it 
would  also  form  lateral  terraces,  in  the  way  they  are  now  forming 
in  alluvial  regions.  A  case  of  this  sort  has  actually  occurred  in 
Switzerland  (See  Chambers'  pamphlet  on  the  terraces  of  the  Rhine 
and  the  Rhone).  3.  Lateral  terraces  might  be  formed  below  ths 
mouth  of  a  tributary  stream,  by  the  current  of  the  main  river  car- 
rying downwards  some  of  the  materials  brought  down  to  form  the 
delta.  4.  When  the  highest  terrace  had  been  laid  bare  at  the  mouth 
of  a  river,  the  waters  would  carry  forward  materials  to  form  a  se* 
cond  terrace  at  a  lower  level.  If  the  principal  stream  continued  to 
deepen  its  bed,  this  terrace  would  at  length  reach  the  surface,  and  in 
the  same  manner  a  third  and  a  fouith  might  be  formed.  5.  Many 
lakes,  like  those  in  New- York,,  seem  to  have  been  only  expansions 
in  rivers,  and  terraces  may  have  been  formed  along  their  borders  as 
above  explained.  6.  The  sediment  which  is  now  being  carried  in- 
to the  ocean  by  the  rivers,  is  swept  lengthwise  of  the  coast,  and 
forms  a  level*topped  terrace  :  if  the  land  is  rising*  it  will  at  length 
reach  the  surface  when  no  more  sediment  can  be  deposited  upon  it; 
but  the  sediment  will  be  carried  into  deeper  water,  where  a  new 
terrace  will  be  formed  ;  while  the  breakers,  as  the  ocean  sinks,  will 
act  on  the  margin  of  the  upper  terrace  and  make  it  steep.  In  the 
same  way  the  terraces  may  have  been  formed  around  our  larger 
lakes,  as  their  outlets  were  gradually  deepened. 

6.  Paroxysmal  vertical  movements  may  occasionally  have  occor- 
red,  while  these  slow  operations  have  gone  on ;  and  these  would 
modify  the  processes,  and  produce,  it  may  be,  some  terraces,  ex. 
gr.  the  Parallel  Roads  of  Glen  Roy. 

7.  It  is  difficult,  if  not  impossible,  to  draw  a  line  between  drift 
and  modified  drift,  such  as  constitutes  beaches  and  terraces.  Indeed, 
the  drift  agency  seems  to  have  resumed  its  activity  in  some  places, 
long  after  the  beaches  and  terraces  began  to  be  formed  ;  ex.  gr. 
1.  Where  coarse  drift  and  clay  or  sand  are  intermixed ;  2.  The 
trains  of  blocks  in  Richmond,  Mass. 

8.  Hence  the  drift  agency,  and  that  which  formed  the  beaches 
and  terracesp  appear  to  be  only  modified  forms  of  the  same  agency. 
1.  In  forming  the  coarse  drift,  ice  appears  to  have  been  the  princi^ 
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pal  agent.  No  one,  I  should  think,  could  examine  the  Alps,  without 
being  satisfied  of  this.  But  still  in  our  country  the  coarsest  drift  not 
unfrequently  shows  the  conjoint  action  of  water  in  sorting  and  lami- 
nating the  materials.  The  aqueous  action  seems  to  have  increased, 
and  that  of  ice  to  have  diminished  until  it  has  ceased,  save  in  winter 
floods.  2.  In  the  Alps  and  Wales  we  see  drift  formed  wholly  by 
glaciers ;  but  such  drift  differs  a  good  deal  from  that  of  the  United 
States,  of  Scotland,  and  even  of  the  great  valley  of  Switzerland. 
We  have  no  genuine  moraines  in  this  country  :  whai  have  been 
called  such,  are  modified  drift.  3.  If  we  could  get  access  to  the 
floor  of  the  Arctic  ocean,  I  fancy  that  we  should  find  that  coarse 
drift  was  forming  there,  similar  to  what  is  strewed  over  our  country ; 
though  it  may  yet  be  proved  that  glaciers  have  existed  on  some  of 
our  mountains  as  they  rose  from  the  sea.  Between  the  enormods 
icebergs  of  the  Northern  ocean  and  glaciers,  there  can  be  little 
difference-*I  mean  as  to  their  action  and  efects— save  that  we  should 
see  the  action  of  water,  modifying  somewhat  that  of  ice,  in  the  case 
of  icebergs. 

9.  According  to  these  views,  we  see  the  reason  why  the  older 
drift  is  entirely  destitute  of  organic  remains.  Those  said  to  occur 
in  it  (ex.  gr.  in  Vermont,  Brooklyn,  Portland,  Sec,),  belong  to  a 
very  late  period  of  alluvial  agency. 

10.  Hence  drift  and  alluvium  constitute  only  one  distinct  and  un- 
interrupted formation. 

11.  Hence  the  alluvial  formation  may  be  of  different  ages  in  dif- 
ferent countries,  depending  upon  the  time  when  they  were  raised 
above  the  ocean.  The  deposite  may  be  nearly  as  old  as  the  rock  over 
which  it  is  spread ;  which,  in  our  country,  embraces  the  whole  geo- 
logical series. 

12.  The  time  that  has  elapsed  since  the  drift  was  formed,  has  been 
immense.  Proof  1.  Scarcely  the  lowest  of  the  terraces  has  been 
formed  since  the  memory  of  man.  2.  Cases  of  erosions  show  the 
^ame;  but  these  will  be  better  described  in  my  paper  on  "Ero- 
sions." 

13.  The  Historic  Period  can  have  been  only  a  small  portion  of 
the  Alluvial  Period. 
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8.  On  the  Geoloot  and  General  Character  of  the  Mebrschavii 
IN  THE  Plains  of  Eski-Shehr  ( AsLi  Minor)«    By  Professor  J. 
»     Lawrence  Smith. 

This  substance  is  found  in  the  ancient  plain  of  Dorylseum,  now 
called  E$ki-Shehr,  It  is  found  at  various  depths  in  a  species  of  cal- 
oareous  breccia,  containing  masses  of  the  rocks  of  the  surrounding 
mountains,  where  we  find  all  that  is  found  in  the  plain,  except  the 
meerschaum,  the  origin  of  which  I  am  inclined  to  attribute  to  a 
diange  produced  upon  carbonate  of  magnesia  by  waters  containing 
silex.  It  was  doubtless  explored  at  this  verj  place  by  the  ancient 
Greeks  :  the  use,  howerer,  that  they  made  of  it,  is  unknown  to  us. 
The  companies  who  now  explore  it  are  Turks,  and  those  who  labor 
are  paid  proportional  to  what  is  extracted ;  and  as  the  value  of  this 
substance  increases  greatly  in  proportion  to  the  size  of  the  mass,  the 
business  is  of  a  very  precarious  nature,  and  in  many  instances  is  m 
cause  of  great  loss  to  the  miners.  At  other  times  they  procure  pieces 
affording  large  marketable  specimens,  and  their  profits  then  are 
proportionally  good.  Its  mining  is  carried  on  with  the  same  eager- 
ness, and  its  yield  is  as  precarious  as  that  of  gold. 

[  Specimens  were  exhibited,  showing  both  its  mineralogical  and 
geological  character.] 

The  principal  mines  in  the  plain  are  Remicklichf  twenty-seven 
miles  north  of  Eski-Shehr,  where  the  shafts  are  from  ninety  to  one 
hundred  and  twenty  feet  deep  ;  Kdrdneh,  fifteen  miles  east  of  Eski- 
Shehr,  which  is  an  old  Greek  mine,  and  has  shafts  from  sixty  to 
ninety  feet  deep ;  Nemhekerer,  fifteen  miles  west  of  Eski-Shehr,  and 
one  near  Rutaydh.  The  two  first  are  worked  at  present.  Karaneh^ 
recently  recommenced,  is  yielding  well ;  and  the  third  is  abandoned* 
on  account  of  the  rapidity  with  which  the  water  flows  into  it. 

In  sinking  a  shaft  in  these  places,  the  meerschaum  is  found  from 
the  surface  down ;  but  that  near  the  surface  has  not  the  requisite 
properties,  being  hard  and  chalky,  and  does  not  yield  readily  to  the 
pressure  of  the  nail  as  good  meerschaum  does. 
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9.  Hem  ARKS  on  the  Litholooical  and  Palaontological  Cha- 
racters OF  THE  Potsdam  Sandstone.  Bj  T.  S.  Hunt,  of  the 
Geological  CommiBsion  of  Canada. 

The  formation  designated  by  the  geologists  of  New- York  as  the 
Potsdam  sandstone,  is  displayed  along  the  base* of  the  crystalline 
rocks  from  Mai  Bay  thirty  leagues  below  Quebec,  to  near  Kingston 
at  the  outlet  of  Lake  Ontario.  The  Rideau  canal,  which  extends  from 
Kingston  to  Bytown,  cats  across  the  western  edge  of  a  lower  silurian 
basin  which  lies  between  the  Ottawa  and  St.  Lawrence  rivers.  Upon 
Lake  Huron,  this  formation  is  met  with  on  the  northern  shore  of  the 
lake,  resting  aimost  horizontally  upon  that  series  of  unconformable 
copper-bearing  rocks  which  has  been  described  by  Messrs.  Logan 
and  MoRRAT  as  consisting  of  quattz  rock  interstratified  with  slates» 
limestones,  conglomerates  and  greenstones*  and  which  reposes  upon 
the  formation  of  syenitic  gneiss  and  crystalline  limestone  which 
extends  from  Labrador  to  Huron,  and  northwest  to  the  Arctic  Sea. 

From  the  outcrop  of  the  sandstone  which  is  seen  on  the  Rideaa 
canal,  it  is  traced  around  the  south  side  of  the  basin  towards  the  east, 
where  it  is  developed  on  the  western  shore  of  Lake  Champlain,  and 
is  known  as  the  Potsdam  sandstone.  Throughout  this  extent  it  it 
generally  undisturbed;  but,  as  might  be  expected,  differences  of 
lithological  character  are  met  with  :  from  the  inequalities  of  surface 
in  the  underlying  unconformable  rock,  moreover,  a  difficulty  is  often 
met  with  in  ascertaining  the  character  of  those  beds  which  may  real- 
ly be  at  the  base  of  the  formation.  Generally,  however,  it  may  be 
asserted  that  beds  of  conglomerate  lie  at  the  base  in  its  eastern 
development.  As  we  go  westward;  the  distinction  in  lithological 
character  between  this  rock  and  the  overlying  calciferous  sandrock 
is  less  defined,  and  somewhat  calcareous  beds  are  met  with  in  the 
former ;  while  upon  Lake  Huron,  the  formation  is  represented  by 
only  about  forty  feet  of  reddish  and  greenish  sandstones  and  marls, 
which  are  considerably  calcareous  towards  the  top ; '  and  at  Sault 
Ste.  Marie  there  is  a  large  mass  of  reddish  sandstone,  in  some  parts 
conglomerate  in  its  character. 

In  the  western  part  of  the  silurian  basin  which  lies  between  the 
Ottawa  and  the  St.  Lawrence,  the  sandstone  over  limited  areas  is 
sometimes  strongly  impregnated  with  peroxide  of  iron,  which  is 
occasionally  found  in  thin  seams  or  beds  in  a  pure  state,  constituting 
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red  haematite.  These  features  are  explained  by  a  reference  to  the 
ferruginous  springs  which  are  still  found  issuing  from  the  crystalline 
rocks  of  ihe  country,  and  which  often  cement  large  areas  x)f  gravel 
with  the  deposited  oxide,  and  sometimes  form  beds  of  limonite  and 
iron  ochre. 

Hitherto  no  fossils  in  this  formation  had  rewarded  our  search, 
other  than  those  described  and  figured  by  Mr.  Hall  ;  until  a  year 
since,  when  the  attention  of  Mr.  Louan  was  called  by  Mr.  IL  Abra- 
ham, of  Montreal,  to  certain  footmarks  upon  the  beds  of  this  sand- 
stone, at  Beauhamais.  Casts  of  these,  and  specimens  of  the  atone 
Itself,  bearing  the  footprints,  were  carried  last  winter  by  Mr.  Logan 
to  London,  and  submitted  to  the  critical  examination  of  Pro£  Owrn, 
whose  expressed  opinion  that  they  are  those  of  a  reptile,  and  pro- 
bably a  chelonian,  is  well  known  to  the  members  of  the  Association, 
I  have  only  to  add  that  this  season  similar  tracks  have  been  discovered 
in  large  numbers,  and  at  distances  several  miles  apart.  There  is  a 
great  diversity  in  their  size,  but  they  agree  in  their  general  charae* 
ters*.  The  beds  containing  them  are  lying  at  a  very  small  angle,  and 
are  overlaid  by  undoubted  calciferous  standstone,  containing  two 
apecies  of  Madurea,  one  the  M,  matutina  figured  by  Mr.  Hali.  ; 
while  to  this  formation  succeeds  the  Trenton  and  its  asaociate  lime- 
stones, with  their  characteristic  fossils* 

Mr.  Hunt  remarked  that  although  the  discovery  of  traces  of  a 
reptile  in  the  lowest  rocks,  now  recognised  to  be  fossiliferous,  was 
a  new  and  startling  fact  for  those  who  have  supported  the  idea  of 
progressive  development,  it  was  one  for  which  the  progress  of  mo- 
dern geology  had,  to  some  extent,  prepared  us.  He  alluded  to  the 
remains  of  fishes  which,  for  about  twenty  years,  were  unknown  below 
the  coal,  but  have  been  successively  brought  down  through  the  De- 
vonian, Upper  and  Lower  Silurian  formations.  The  remains  of  fishea 
are  more  recently  announced  as  existing  even  in  the  Bala  limestonest, 
which  may  be  considered  the  analogues  of  some  of  the  lower  portions 
of  our  Silurian  rocks,  if  we  regard  the  Potsdam  sandstone  as. the 
representative  of  the  Obolus  sandstone  in  Russia,  and  the  Lingula 
beds  of  Wales. 

*  Since  the  above  was  written,  the  examination  of  a  large  number  of  these 
footmarks  has  led  Prof.  Ow£2r  to  change  his  opinion,  and  to  declare  them  to  be 
the  traces  of  cmstaceans. 

f  The  fossils  of  the  Bala  limestone,  upon  which  this  ecmclusion  was  based,  have 
since  been  shown  to  be  fragments  of  criustacean^  and  not  fishes. 
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The  rare  occurrence  of  animal  remains  in  these  sandstones  which, 
in  Russia  and  Scandinavia,  as  well  as  in  America,  are  found  at  the 
base  of  the  formations  hitherto  recognized  as  fossiliferous,  is,  per- 
haps, one  reason  why  they  have  hitherto  been  regarded  as  dating 
from  the  very  commencement  of  animal  existence ;  but  when  we 
remember  that  the  superior  sandstones  of  the  silurian  rocks,  the  old 
and  new  red,  are  almost  equally  destitute  of  animal  remains,  we  are 
inclined  to  look  for  some  other  reason  to  explain  their  absence  from 
siliceous  deposites.  The  remains  of  vegetables  are  not  unfrequently 
found  in  them,  and  the  bony  skeletons  of  fishes  embalmed  in  the 
bituminous  product  of  the  decomposition  of  their  integuments  are 
found  in  a  high  state  of  preservation ;  but  the  phenomena  which  we 
have  to  explain,  is  the  absence  of  the  calcareous  coverings  of 
moUusca  and  crustaceans.  And  this,  I  think,  may  be  accounted  for 
by  the  action  of  atmospheric  waters  charged  with  carbonic  acid, 
which  are  capable  of  taking  into  solution  a  considerable  quantity  of 
carbonate  of  lime.  The  abrading  action  of  a  sharp  siliceous  sand  is 
also  to  be  taken  into  account,  which,  where  it  does  not  destroy  the 
shells,  renders  them  more  easily  affected  by  the  solvent.  Such  being 
the  case,  it  would  only  be  in  those  beds  which  contain  a  portion  of 
finely  divided  calcareous  matter,  presented  to  the  water  in  a  readily 
soluble  form,  that  we  might  expect  to  find  the  shells  esci^ing  the 
dissolving  action ;  and  conformably  to  this,  we  find  that  those  beds 
of  the  Potsdam  sandstone  which  are  somewhat  calcareous,  contain, 
in  great  profusion,  their  peculiar  fossil  shells.  These  considerations, 
coupled  with  the  abundance  of  fucoidal  remains  and  the  footmarks 
lately  discovered,  permit  us  to  suppose  that  this  lower  formation 
was  not,  afi»r  all,  so  destitute  of  organic  life  as  has  hitherto  been 
imagined.  And  when  I  add,  that  there  is  not  wanting  evidence  of  the 
sedimentary  origin  of  the  crystalline  limestones  and  syenitic  rocks 
which  underlie  these  sandstones,  it  will  be  conceded  that  neither  the 
inferior  position  of  the  formation,  nor  the  paucity  of  organic  remains, 
can  be  adduced  as  arguments  against  the  supposition  that  its  epoch 
was  one  prolific  in  living  existence,  and,  perhaps,  long  subsequent 
to  the  commencement  of  life  upon  our  planet. 


10.    On  thb  Mbtamorphic  Coalfibld  of  MAssAOHUsBrrs.     By 
President  E.  Hitchcock. 

[Not  recehedA 
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11.    On  the  Passaqi  of  Anticlinal  Azbs  into  Faults.    By 

Prof.  W.  B.  Rogers,  of  the  UniverBity  of  Yirgiida. 

[  Not  received,] 


12.    On  the  Geologt  of  Embrt  and  Corundum.    By  Prof.  J. 
Lawrence  Smith. 

Tsis  commttnicadon  iBimeaiitfliiiiply  for  the  purpose  of  iDtrodaciiig 
a  series  of  specimens  demonstrating  the  geology  of  that  impoTtant 
mineral,  emery.  The  mass  of  observations  mads  by  me  in  Asia  Minor 
have  already  been  made  pablic,  ao  that  only  such  additional  observa- 
tions as  have  been  made  are  here  given.  The  constant  occurrence  of 
corundum,  emery,  and  its  associates  in  the  old  crystalline  limestone, 
has  since  been  observed  in  this  mineral  coming  from  Siberia*  South 
America,  and  all  parts  of  the  United  States ;  and  with  it  has  been 
found  more  or  less  of  these  minerals,  as  I  had  stated  would  be,  in 
all  probability,  after  the  observations  made  in  Asia  Minor. 

From  Liberia,  corundum  has  been  obtained,  associated  with  tour- 
maline and  emerylite ;  and  doubtless,  could  observations  be  ijoiade 
on  the  #pot,  many,' if  notf  all  the  minerals*  that  I  call  associate  mine* 
rals  of  emery,  would  be  found. 

In  the  United  States  there  has  been  found  emerylite,  hydrargilite* 
pholerite,  titaniferous  iron,  and  tourmaline  associated  with  corundum. 

The  process  of  the  formation  of  corundum,  during  the  consolida- 
tion of  the  limestone  on  which  it  is  found,  has  been  also  observed 
in  this  country,  strengthening  the  observations  made  in  Asia  Muuk*. 
The  process  of  segregation  is  seen  beautifully  in  the  corundum  of 
New-Jersey,  where  segregated  masses  of  hydrated  alumina  are 
found,  in  the  centre  of  which  are  seen  crystals  of  corundum*  As  yet, 
in  none  of  the  corundum  localities  of  this  country  have  I  been  able 
to  find  emery ;  which  is  a  curious  fact,  not  easily  explained,  espe- 
cially as  the  same  thing  is  true  with  reference  to  localities  of  the 
corundum  of  other  countries. 


13.  Notes  on  the  Geological  Stuucture  op  Western  Vebmon^t 

AND  Massachusetts.    By  Prof.  W.  B.  Rogers,  of  the  University 

of  Virginia. 

[  Not  received,] 
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14.    On  thb  Distribution  of  MiNeANEdK.    By  D.  A.  Weli*8» 
Esq.,  of  Cambridge. 

Thb  occurrenoe  of  pebbles  and  water-worn  stones  in  many  of  the 
streams  and  water-courses  of  New-England,  which  have  their  origin 
among  and  ran  over  igneous  and  metamorphic  rocks,  is  by  no  means 
uncommon,  and  has  doubtless  attracted  the  aUention  of  every  ob- 
server. When  the  bed  of  a  stream  in  which  they  occur  is  examined, 
the  colored  pebbles  and  stones  will  be  found  at  intervals,  generally 
after,  er  below  a  fall  or  rapid,  and  not  immediately  above<-This 
coldrni^  matter,  ^hich  in  wholly  Superficial,  and  of  different  degrees 
of  lustre,  is  due  to  an  incrustation  of  the  black  oxide  of  manganese, 
and  occurs  independently  on  almost  every  variety  of  stone. 

In  the  Edinburgh  New  Philosophical  Journal  for  July,  1851,  Dr. 
John  Davt  calls  attention  to  somewhat  similar  incrustations  in  Eng- 
land, of  which  he  says  as  follows  :  **  Though  always  superficial,  in 
one  spo^  the  incmstation  is  so  thick  as  to  be  available  for  use ;  and  in 
this  instance  the  black  oxide  of  manganese  acts  as  a  cement,  forming 
a  bed  of  conglomerate  several  feet  thick.  Whence  this  incrustation 
is  derived,  or  how  produced,  is  not  obvious.  Restricting  the  view  to 
the  spots  where  it  occurs,  it  might  be  supposed  to  be  a  deposit  from 
running  water.  But  when  it  is  seen  that  the  coloring  matter  is  not  to  be 
detected  on  rocks  in  iitu,  the  fixed  rocks  in  the  course  of  the  stream, 
the  idea  ceases  to  be  tenable ;  and  the  inference  seems  to  be  una- 
Yoidable,  that  the  satid,  pebbles  and  stones  thus  colored  have  been 
incrusted  vrith  the  oxide  before  they  had  been  carried  down  to  the 
spots  where  they  are  found  loose ;  or  when  in  the  form  of  conglo- 
merate, that  the  cementing  oxide  has  been  brought  there  by  water 
exuding  from  some  rock  or  stratum  containing  manganese  in  a 
minor  degree  of  oxidation,  and  acquiring  the  higher  degree  by  the 
absorption  of  oxygen,  and  at  the  same  time  the  cementing  quality.** 
Dr.  Davy  also  infers  from  such  incrustations,  that  the  oxide  of 
manganese  exists  in  the  vicinity  in  large  quantities,  and  advises  a 
special  inquiry  in  search  of  it. 

Before  the  publication  of  the  article  referred  to,  by  Dr.  Davy,  the 
subject  of  these  incrustations  had  attracted  the  attention  of  Dr. 
A.  A.  Hates  of  Boston,  and  myself;  and  we  believe  the  following 
to  be  a  full  and  satisfactory  account  of  the  origin  of  this  phenome- 
non : 
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The  manganese  exists  in  almost  all  the  igneoos  and  metamorphic 
rocks  of  New-England,  and  I  may  say  in  other  parts  of  the  world, 
generally  in  form  of  a  doable  carbonate  o£  lime  and  manganese. 
When  the  waters  of  the  springs,  ponds  and  rivers  flowing  over  these 
rocks,  become  charged  with  soluble  organic  matter,  in  the  state  of 
crenic,  apocrenic  or  humic  acids,  drained  into  them  from  swamps 
and  peat-meadows  in  consequence  of  rains  or  inundations,  the  car- 
bonates of  lime  and  manganese  enter  into  solution.  At  such  times 
manganese  may  be  generally  detected  in  these  waters,  as  has  been 
done  by  Dr.  G.  T.  Jackson,  Dr.  Haybs,  and  others.  When  the  water 
holding  the  manganese  in  solution  becomes  broken  and  thrown  up 
in  the  passage  of  falls  and  rapids,  and  consequently  exposed  to  the 
influences  of  the  atmosphere,  the  manganese  passes  from  a  low  state 
of  oxidation  to  the  insoluble  peroxide,  and  is  deposited  for  a  con- 
siderable extent  upon  the  rooks  and  pebbles  below.  It  thus  upon 
examination  will  be  feund,  that  at  intervals  in  the  bed  of  the  stream, 
the  stones  are  completely  blackened  or  discolored,  while  in  other 
places  no  such  depositions  can  be  observed.  Beautiful  examples  of 
this  phenomenon  may  be  seen  at  some  points  upon  the  Merrimac 
river,  and  indeed  in  almost  every  brook  and  rivulet  in  New-England. 
I  have  also  noticed  similar  depositions  between  the  divisional  strata 
planes  of  sandstones  in  the  valley  of  the  Connecticut;  thus  showing 
that  apparently  the  same  agencies  were  at  work  during  the  deposi- 
tion of  these  rocks,  as  are  at  the  present  day. 

As  an  example  of  the  extent  to  which  manganese  occurs  in  some 
of  the  metamorphic  rocks  of  New-England,  I  submit  an  analysis  of 
an  altered  rock,  occuring  somewhat  extensively  in  the  neighborhood 
of  Nabant.  The  analysis  was  made  at  my  request  by  Mr.  John 
Haoub  of  the  Cambridge  Laboratory,  and  afterwards  verified  by 
Mr.  JosBPH  Ela.  Its  composition  was  as  foUovrs  : 

SiO* 62,17 

Pe*0« 9,78 

Mn*0"  ....  26,72 

A1»0» 8,43 

OaO 0,87 

HgO 0,60 

HO 2,02 

Total 100,09 
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15.  On  the  Geological  Agency  of  the  Winds.   By  Lieutenant 
M.  F.  Maury,  U.  S.  Navy. 

Nature  is  a  whole,  and  all  the  departments  thereof  are  intimately 
connected.  If  we  attempt  to  study  in  one  of  them,  we  find  ourselves 
tracing  clues  which  lead  us  off  insensibly  into  others,  and,  before 
we  are  aware,  we  find  ourselves  exploring  the  chambers  of  some 
other  department. 

The  study,  of  drift  takes  the  geologist  out  to  sea,  and  reminds  him 
that  a  knowledge  of  waves,  winds  and  currents,  of  navigation  and 
hydrography,  are  closely  and  intimately  connected  with  his  favorite 
pursuit 

The  astronomer  directs  his  telescope  to  the  most  remote  star,  or 
to  the  nearest  planet  in  the  sky,  and  makes  an  observation  upon  it 
He  cannot  reduce  this  observation,  nor  make  any  use  of  it,  until  he 
has  availed  himself  of  certain  principles  of  optics ;  until  he  has  con- 
sulted the  thermometer,  guaged  the  atmosphere,  and  considered  the 
effect  of  heat  in  changing  its  power  of  refraction.  In  order  to  adjust 
the  pendulum  of  his  clock  to  the  right  length,  he  has  to  measure  the 
water  of  the  sea  and  weigh  the  earth  :  he  too  must  therefore  go  into 
the  study  of  the  tides ;  he  must  examine  the  earth's  crust,  and  con- 
sider the  matter  of  which  it  is  composed  from  pole  to  pole,  cir- 
cumference to  centre ;  and  in  doing  this,  he  finds  himself  in  his 
researches  right  alongside  the  navigator,  the  geologist  and  the 
meteorologist,  with  a  host  of  other  good  fellows,  each  one  holding  by 
the  same  thread,  and  following  it  up  to  the  same  labyrinth,  where 
are  stores  of  knowledge  for  all,  and  instruction  for  each  one  in  par- 
ticular. And  thus,  in  undertaking  to  follow  the  **  wind  in  his  circuits" 
over  the  ocean,  I  have  found  myself  standing  side  by  side  with  the 
geologist  on  land,  and  with  him  far  away  from  the  sea-shore,  en- 
gaged in  considering  some  of  the  phenomena  which  the  inland 
basins  of  the  earth — those  immense  indentations  on  the  surface  that 
have  no  sea  drainage— -present  for  contemplation  and  study. 

Among  the  most  interesting  of  these,  is  that  of  the  Dead  Sea. 
Lieutenant  Lynch,  U.  S.  Navy,  has  run  a  level  from  that  sea  to  the 
Mediterranean,  and  finds  the  former  to  be  about  1300  feet  below  the 
general  sea  level  of  the  earth.  In  seeking  to  account  for  this  great 
difference  of  water-level,  the  geologist  examines  the  neighboring 
region,  and  calls  to  his  aid  the  forces  of  elevation  and  depression 
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which  are  Bupposed  to  have  resided  in  the  neighborhood  :  he  then 
points  to  them,  afi  the  agents  which  did  the  work.  Thej  are  migb^ 
agents,  and  they  have  diversified  the  surface  of  the  earth  vrith  the 
most  towering  monuments  of  their  power.  But  is  it  necessary  to 
suppose  that  they  resided  in  the  vicinity  of  this  region  ?  May  they 
not  hare  been,  if  not  in  this  case,  at  least  m  the  case  of  other  inland 
basins,,  ;aa  far  removed  as  the  other  hemisphere  1  This  is  a  question 
which  I  do  not  pretend  to  answer  definitively.  But  the  inquiry  as  to 
the  geological  agency  of  the  winds  in  such  cases,  is  a  question  which 
my  investigations  have  suggested ;  and  I  therefore  present  it  as  one 
which,  in  accounting  for  the  formation  of  this  or  that  inland  basin, 
is  worthy,,  at  least,  of  consideration. 

Is  there  any  evidence  that  the  annual  amount  of  precipitation 
upon  the  water-shed  of  the  Dead  Sea,  at  some  former  period,  was 
greater  than  the  annual  amount  of  evaporation  ?  If  yea,  where  did 
the  vapor  that  supplied  that  precipitation  come  from,  and  what  has 
cut  off  that  supply  t  The  mere  depression  of  the  lake  bed  would 
not  do  it. 

If  there  were  ever  a  river  from  the  Dead  Sea  to  the  arms  of  the 
ocean  about  it,  we  may  imagine  that  river  to  have  abounded  with 
falls,  as  the  rivers  do  which  drain  the  lakes  into  the  Atlantic.  And 
if  we  establish  the  fact  that  the  Dead  Sea  did  ever  send  a  river  to 
the  ocean,  we  carry  along  with  it  the  admission,  that  when  that  sea 
overflowed  into  that  river,  then  the  water  that  fell  from  die  clouds 
over  the  Dead  Sea  basin  was  more  than  the  winds  could  convert 
into  vapor  and  carry  away  again  :  the  river  carried  off  the  excess  to 
the  ocean. 

In  the  basin  of  the  Dead  Sea,  in  the  basin  of  the  Caspian,  of  the 
Sea  of  Aral,  and  in  the  other  inland  basins  of  Asia,  we  are  entitled 
to  infer  that  the  precipitation  and  evaporation  are  at  this  time 
exactly  equal.  Were  it  not  so,  the  level  of  these  seas  would  be  rising 
or  sinking.  If  the  precipitation  were  in  excess,  these  seas  would  be 
gradually  becoming  f\iller ;  and  if  the  evaporation  were  in  excess, 
they  would  be  gradually  drying  up  :  but  observation  does  not  show, 
nor  history  tell  us,  that  either  is  the  case.  As  far  as  lye  know,  the 
level  of  these  seas  is  as  permanent  as  that  of  the  ocean,  and  it  is 
difficult  to  realize  the  existence  of  subterranean  channels  between 
it  and  the  great  ocean.  Were  there  such  a  channel,  the  Dead  Sea 
being  lower,  it  would  be  the  recipient  of  ocean  waters ;  and  we 
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cannot  oonceire  how  it  should  beauch  a  recipient,  without  ultimate- 
ly rifling  to  the  level  of  its  feeder. 

It  may  perhaps  be  evident  that  the  question  suggested  by  my 
researches  has  no  beariqg  upon  the  Dead  Sea ;  that  local  elevations 
and  subsidences  alone  were  concerned  in  placing  the  level  of  its 
waters  where  it  is.  But  is  it  probable  that,  throughout  all  the  geolo- 
gical periods,  during  all  the  changes  which  have  taken  place  in  the 
distribution  of  land  and  water  surface  over  the  ea|th»  the  winds* 
which  in  the  general  channels  of  circulation  pass  over  the  Dead 
Sea«  have  alone  been  unchanged  ?  "If  broughout  all  ages,  periods  and 
formations,  is  it  probable  that  the  winds  have  just  brought  as  much 
moisture  as  they  now  bring,  and  have  just  taken  up  as  much  water 
icQTxi  it  as  they  now  carry  off?  It  is  possible.  But  because  the 
agency  of  the  winds  may  have  had  nothing  to  do  in  piling  the  level 
of  the  Dead  Sea  where  it  is,  does  it  therefore  follow  that  the  con- 
sideration of  this  question  would  be  irrelevant  in  the  attempt  to 
account  for  the  level  of  the  water  reservoirs  of  other  inland  basins  ? 

Who-e  does  the  water,  which  falls  from  the  clouds  upon  the 
valley  of  die  great  North  American  lakes,  come  from  t  It  goes  into 
the  sea,  and  out  of  the  sea  it  must  come  again  ;  else  **  the  sea  would 
be  full."  From  what  part  of  the  sea,  therefore,  do  the  clouds  get 
vapor  to  make  rain  of  for  the  lake  country  } 

The  researches  conducted  at  the  National  Observatory  with  re- 
gard to  the  winds^  have  suggested  the  probability  that  the  vapor 
which  is  condensed  into  rains  for  the  Lake  valley,  and  the  excess  cl 
which  the  St.  Lawrence  carries  off  to  the  Atlantic  ocean,  is  evapo- 
rated by  the  SE  trade  winds  of  the  Pacific  ocean.  Suppose  this  to 
be  the  case,  and  that  the  winds  which  bring  this  vapor  arrive  with 
it  in  the  lake  country  at  a  mean  dew  point  of  50^.  This  would  make 
the  SW  winds  the  rain  winds  for  the  lakes  generally,  as  well  as  for 
the  Mississippi  valley  ;  they  are  also,  speaking  generally,  the  rain 
winds  of  Europe,  and,  I  have  no  doubt,  of  extra-tropical  Asia  also. 

Suppose  a  certain  mountain-range,  thousands  of  miles  to  the  SW 
of  the  lakes,  but  across  the  path  of  these  winds,  were  to  be  sud- 
denly elevated,  and  its  crest  pushed  up  into  the  regions  of  snow, 
having  a  mean  temperature  of  30°  Fahr.  The  winds,  in  passing  that 
range,  would  be  subjected  to  a  dew  point  of  30^ ;  and  not  meeting 
with  any  more  evaporating  surface  between  such  range  and  the 
lakes,  they  would  have  no  longer  any  moisture  to  deposite  at  the 
supposed  lake  temperature  of  50^  :  they  could  not  yield  the  dew 
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point  to  anything  aboTO  3(P.  Consequently  the  precipitation  in  the 
lake  country  would  fall  off;. the  winds  which  feed  the  lakes  would 
cease  to  bring  as  much  water  as  the  lakes  now  give  to  the  St.  Law- 
rence ;  that  river,  .and  the  Niagara,  would  drain  them  to  the  level 
of  their  bed ;  evaporation  would  be  increased,  by  reason  of  the 
dryness  of  the  atmosphere  and  the  paucity  of  rain  ;  and  the  lakes 
would  sink  to  that  level,  at  which,  as  in  the  case  of  the  Caspian  Sea, 
the  precipitation  and  evaporation  would  become  equal*  Thus,  our 
great  lakes  would  remain  inland  seas  at  a  permanent  level ;  the  salt 
brought  from  the  soil,  by  the  washing  of  the  rivers  and  rains,  would 
cease  to  be  taken  off  to  the  ocean  as  it  now  is ;  and  finally,  the 
Great  Lakes  too,  in  the  process  of  ages,  would  become  first  brack- 
ish, and  then  briny.  Now  suppose  the  water  basins  which  hold  the 
lakes  Co  be  over  a  thousand  fathoms,  6000  feet  deep.  We  know  they 
are  not  nearly  so  deep ;  but  suppose  them  to  be  6000  feet  deep. 
The  process  of  evaporation,  after  the  St.  Lawrence  had  gone  dry,, 
might  go  on  until  one  or  two  thousand  feet  or  more  were  lost  from 
the  surface ;  and  we  should  then  have  another  instance  of  the  level 
of  an  inland  water  basin  being  far  below  the  sea  level,  as  in  the 
case  of  the  Dead  Sea ;  or  it  might  become  a  rainless  district,  where 
the  lakes  themselves  would  go  dry. 

Corallines  are  at  work  about  the  Gulf  stream  :  they  have  bnik 
up  the  Florida  reefs  on  one  side,  and  the  Bahama  banks  on  the 
other.  Suppose  they  should  build  up  across  that  pass,  and  obstruct 
the  Gulf  stream ;  and  that  in  like  manner  they  were  to  conned 
Cuba  with  Yucatan,  by  damming  up  the  Yucatan  pass,  so  that  the 
waters  of  the  Atlantic  should  cease  to  flow  into  the  GhilC  What 
should  we  have  ? 

The  depth  of  the  marine  basin  which  holds  the  waters  of  the 
Gulf,  is,  in  the  deepest  parts,  about  a  thousand  fathoms.  The  officers 
of  the  U.  S,  Ship  Albany  have  run  a  line  of  deep  sea-soundings 
from  west  to  east  across  the  Gulf :  the  greatest  depth  they  obtained 
was  960  fathoms  (5760  feet). 

We  should  therefore  have,  by  stopping  up  the  channels  between 
the  Ghilf  and  the  Atlantic,  not  a  sea-level  in  the  Gulf,  but  we  should 
have  a  mean  level  between  evaporation  and  precipitation.  If  the 
former  were  in  excess,  the  level  of  the  Gulf  waters  would  sink 
down  until  the  surface  exposed  to  the  air  would  be  just  sufficient 
to  return  to  the  atmosphere,  as  vapor,  the  amoitnt  of  water  dis- 
charged by  the  rivers,  the  Mississippi  and  others,  into  the  Gulf.  As 
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the  waters  were  lowered,  the  extent  of  evaporating  surface  would 
grow  less  and  less,  until  nature  should  establish  the  proper  ratio 
between  the  ability  of  the  air  to  take  up,  and  the  capacity  of  the 
rain  to  let  down.  Thus  we  might  haye  a  sea  whose  level  would  be 
much  further  below  the  water  level  of  the  ocean,  than  is  the  Dead 
Sea. 

There  is  still  another  process  besides  the  two  already  alluded  to, 
by  which  the  drainage  of  these  inland  basins  may,  through  the 
agency  of  the  winds,  have  been  cut  off  from  the  great  salt  seas ; 
and  that  is  by  the  elevation  of  continents  from  the  bottom  of  the 
sea  in  distant  regions  of  the  earth,  and  consequently  the  substitution 
of  a  dry  land  for  a  water  surface  as  the  sources  of  vapor  supply  to 
the  winds  that  blow  over  the  place. 

From  what  part  of  the  ocean,  I  again  ask,  comes  the  vapor  which 
forms  the  rains  that  fall  on  that  immense  water-shed  to  which  the 
Lakes  give  drainage  ?  My  investigations  have  suggested  the  idea 
that  they  come  from  the  trade^wind  region  of  the  South  Pacific 
ocean.  Certain  it  is,  that  they  must  come  from  the  sea,  and  not  from 
the  land ;  for  in  this  view,  I  do  not  consider  that  the  rain  which  falls 
to-day  is  taken  up  straightway  into  the  clouds  to  be  precipitated  to- 
morrow ;  but  I  consider  the  excess  of  the  precipitation  over  the 
evaporation,  which  in  this  case  is  the  volume  of  water  discharged 
by  the  St.  Lawrence  into  the  sea ;  that  is,  the  amount  of  water 
which  has  to  be  taken  up  from  the  sea  again,  carried  back  through 
the  air  to  the  Lake  country,  and  precipitated  upon  it.  And  I  there- 
fore repeat  the  question  :  Where,  from  what  portion  of  the  ocean 
is  it  taken  up  into  the  air  1  It  must  be  taken  up  from  some  portion 
where  the  evaporation  is  greater  than  the  precipitation  ;  and  that  is 
only  in  the  trade-wind  region  :  and  it  must  also  be  taken  up  where 
the  mean  temperature,  or  at  any  rate  where  the  mean  dew  point  is 
higher  than  it  is  in  the  Lake  country  ;  for  after  moisture  gets  into 
the  atmosphere,  it  is  only  by  lowering  the  dew  point,  that  we  can 
get  it  out  again. 

Now  suppose  that  a  continent  should  rise  up  in  that  part  of  the 
ocean,  wherever  it  may  be,  that  supplies  the  clouds  with  the  vapor 
that  makes  the  rain  for  the  Lake  water-shed  :  What  would  be  the 
result  ?  Why  surely  a  change  of  climate  in  the  Lake  country  :  an 
increase  of  evaporation ;  because  a  decrease  of  precipitation,  and 
consequently  a  diminution  of  cloudy  screens  to  protect  the  waters  of 
the  lakes  from  being  sucked  up  by  the  rays  of  the  sun ;  and  conse- 
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quently,  too»  there  would  follow  a  low  fetage  £ot  waler-counes,  aild 
a  lowering  of  the  lake  leveL 

So  far,  I  have  used  the  lakes  only  hypothetically,  that  I  might  the 
better  illustrate  the  bearings  of  the  question  with  which  I  set  out, 
viz  :  Where  have  the  subsidences  and  the  elevations  taken  place, 
that  have  made  an  inland  basin  here,  and  another  there  ?  Is  the  seat 
of  this  action  near  by,  or  far  off;  and  what  have  the  winds  had  to 
do  in  cutting  off  the  sea  drainage  of  inland  water^sheds  ? 

But  in  this  hypothetical  case,  with  regard  to  the  basins  of  the 
Gulf  and  Lakes,  I  have  confined  myself  strictly  to  analogies.  Moun- 
tain ranges  have  been  upheaved  across  the  course  of  the  winds, 
and  continents  have  been  raised  from  the  bottom  of  the  sea ;  and, 
no  doubt,  the  influence  of  such  upheaving  has  been  felt  in  remote 
regions  by  means  of  the  winds,  and  the  effects  which  a  greater  or 
less  amount  of  moisture  brought  by  them  would  produce. 

In  the  case  of  Utah,  we  have  an  example  of  draiaage  that  haa 
been  cut  off,  and  an  illustratioii  of  the  process  by  which  nature 
equalizes  the  evaporation  and  prec^>itatioB.  To  do  this,  in  this 
instance,  she  is  salting  up  the  basin  which  received  the  drainage  of 
this  inland  water-shed.  Here  we  have  the  a^^arance,  I  am  told,  of 
an  old  channel  by.  which  the  water  used  to  flow  from  this  basin  to 
the  sea.  Supposing  there  was  such  a  time  and  such  a  water  course, 
the  water  returned  through  it  to  the  ocean  was  the  amount  by  which 
the  precipitation  used  to  exceed  the  evaporation  over  the  whole 
extent  of  country  drained  through  this,  now  dry,  bed  of  a  rprer. 
The  winds  have  had  something  probably  to  do  with  this  :  th^  are 
the  agents  which  used  to  bring  more  moisture  to  this  water-ehed, 
than  they  took  away ;  and  they  are  the  agents  which  now  carry  <^ 
from  that  valley,  more  moisture  than  is  brought  to  it,  and  whidi 
therefore  are  making  a  salt  bed  of  places  that  used  to  be  covered 
by  water.  In  like  manner  there  is  evidence  that  the  Great  American 
Lakes  formerly  had  a  drainage  with  the  Gulf  of  Mexico.  Steamen 
have  been  actually  known,  in  former  years  and  in  times  of  freaheta, 
to  pass  from  the  Mississippi  over  into  the  lakes.  At  low  water,  the 
dry  bed  of  a  river  can  be  traced  between  them.  Now  the  Salt  lake 
of  Utah  is  to  the  southward  and  westward  of  our  northern  lake 
basin  :  that  is  the  quarter  whence  the  nun  winds  have  been  sup- 
posed to  come.  May  not  the  same  cause  which  lessened  the  precip*- 
tation  or  iQcreased  the  evaporation  in  the  Salt  lake  water-shed,  have 
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dose  the  same  for  the  water^ed  of  the  Great  American  system  of 
lakes? 

If  the  inoantaiiis  to  the  west,  the  Sierra  Nevada,  stand  higher  now 
than  they  jGarmerly  did ;  and  if  the  winds  which  fed  the  Salt  lake 
valley  with  precipitation  had,  as  I  suppose  they  have,  to  pass  the 
summits  of  these  mountains,  it  is  easy  to  perceive  why  the  winds 
should  not  convey  as  much  vapor  across  them  now,  as  they  did  when 
the  summit  of  the  ranges  was  lower  and  not  so  cooL 

The  Andes,  in  the  trade- wind  region  of  South  America^  stand  up 
so  high  that  the  wind,  in  order  to  cross  them,  haa  to  part  with  all  its 
moisture ;  and  consequently  there  is,  on  the  other  side,  a  rainless 
region.  Now  suppose,  a  range  of  such  mountains  as  these  to  he  ele> 
vated  across  the  track  of  the  winds  which  supply  the  Lake  country 
with  rains  :  it  is  easy  to  perceive  how  the  whole  country  watered  hy 
the  vapor  which  such  winds  bring,  would  be  converted  into  a  rain- 
less  region. 

1  have  used  these  hypothetical  cases  to  illustrate  a  position  which 
any  philosopher,  who  considers  the  geological  agency  of  the  winds, 
may  with  propriety  consult,  when  he  is  told  of  an  inland  basin,  the 
water  level  of  which  it  is  evident  was  once  higher  than  it  now  is ; 
and  that  position  is,  that  though  the  evidences  of  a  higher  water- 
level  be  unmistakable  and  conclusive,  it  does  not  follow,  therefore^ 
that  there  has  been  a  subsidence  of  the  lake  basin  itself,  or  an  up- 
heaval of  the  water-shed  drained  by  it. 

The  cause  which  has  produced  this  change  of  water-level,  instead 
of  being  local  and  near,  may  be  remote  :  it  may  have  its  seat  in  the 
obstructions  which  have  been  interposed  in  some  other  quarter  of 
the  world ;  which  obstructions  may  prevent  the  winds  from  taking 
up,  or  from  bearing  off,  their  wanted  supplies  of  moisture  for  the 
region  whose  water-level  has  been  lowered. 

I  am  not  prepared  to  maintain  that  the  water-level  of  our  great 
system  of  lakes  has  been  changed  by  any  such  process ;  though  I 
do  not  think  it  improbable.  Nor  am  I  prepared  to  ascribe  the  change 
of  Utah  lake  wholly  to  obstructions,  nearer  remote,  which  have  pre^ 
vented  the  vrinds  from  brinfpng  as  many  and  as  copious  rain-clouds 
as  they  at  some  remote  period  were  wont  to  bring  to  this  valley ; 
though  in  this  case  it  appears  obvious  that  the  precipitation  has  di- 
minished, and  the  evaporation  has  increased ;  and  it  is  not  easily 
perceived  how  a  mere  subsidence  of  the  Lake  basin  would  change 
the  rate  of  evaporation,  or  alter  the  amount  of  precipitation  there. 
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Hayings  tberefiire,  I  hope,  made  clear  the  meaning  of  the  ques- 
tion proposed,  by  showing  the  manner  in  which  winds  may  become 
important  geological  agents ;  and  having  explained  how  the  up- 
heaving of  a  mountain  range  in  one  part  of  the  world  may,  throu^ 
the  winds,  affect  climates  and  produce  geological  phenomena  in 
another,  I  return  to  the  Dead  Sea,  and  the  great  inland  basins  of 
Asia,  and  ask,  how  far  it  is  possible  for  the  elevation  of  the  Soudi 
American  continent,  and  the  upheaval  of  its  mountains,  to  have  had 
any  effect  upon  the  water-level  of  these  seas  ?  There  are  indications 
that  they  all  once  had  a  higher  water-level  than  they  now  have ;  and 
that  formerly  the  amount  of  precipitation  was  greater  than  it  now 
is  :  then  what  has  become  of  the  sources  of  vapor  1 

A  chain  of  evidence,  which  it  would  be  difficult  to  set  aside,  can 
be  introduced,  if  required,  to  show  that  the  vapor  which  supplies 
the  extra-tropical  regions  of  the  North  with  rains,  comes,  in  all  pro- 
bability, from  the  trade-wind  regions  of  the  southern  hemisphere. 

The  prevailing  winds  of  the  temperate  zones  blow  towards  the 
poles  :  they  are  going  from  wanner  to  colder  climates.  Consequent- 
ly their  capacity  for  moisture  is  decreased,  with  their  temperature; 
and  they  must  precipitate,  in  their  way  from  warmer  to  colder  re- 
gions, more  water  than  they  can  take  up  again. 

The  prevailing  winds  of  the  torrid  zone  blow  towards  the  equa- 
tor :  they  are  going  from  colder  to  warmer  climates.  Their  capacity 
for  moisture  is  therefore  on  the  increase ;  and  they  therefore  must 
evaporate,  from  this  zone,  more  water  than  they  precipitate  upon  it 
again. 

All  the  great  rivers  lie  in  the  northern  hemisphere.  With  more 
land  and  less  water,  its  total  amount  of  precipitation  is  nevertheless 
greater  than  that  of  the  southern  hemisphere. 

The  evaporating  surface  of  sea  water  exposed  to  the  action  of 
the  southeast  trade  winds  exceeds,  several  times  in  extent,  that  upon 
which  the  northeast  trade  winds  are  known  to  play.  These  south- 
east trade  winds,  when  they  arrive  at  the  belt  of  equatorial  calms, 
charged  with  vapor  from  the  sea,  should,  when  they  rise  up  and 
come  over  into  this  hemisphere,  take,  in  consequence  of  the  earth's 
diurnal  motion,  a  direction  to  the  northeast.  This  is  the  direction 
which  the  rains  of  the  Mississippi  valley  indicate,  and  which  the 
microscope  of  Ehrenberg  has  proved  that  the  southeast  trade  winds 
do  take :  for  in  a  northeasterly  direction  from  the  great  river  basins 
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of  equatorial  America,  and  in  the  vicinity  of  the  Cape  de  Verd 
ialanda ;  at  Lyona  and  Grenoa ;  in  Malta  and  the  Tyrol;  Bhowers  of 
the  Bo-called  scirocco  dust  are  known  to  occur.  That  celebrated  mi- 
croscopifit  haa  examined,  with  the  utmost  care,  specimens  of  this 
dust ;  and  in  every  specimen  that  has  come  to  his  notice  during  a 
period  of  sixteen  years,  he  has  recognized  the  same  organisms,  the 
aame  forms  in  them  all ;  and  he  traces  the  locus  of  the  great  major* 
ity  of  them  to  the  trade-wind  regions  of  South  America. 

Now,  if  it  be  true  that  the  trade  winds  from  that  part  of  the  world 
take  up  there  the  water  which  is  to  be  rained  in  the  extra-tropical 
north,  the  path  ascribed  to  the  southeast  trades  of  Africa  and  Ameri- 
ca! after  they  descend  and  become  the  prevailing  southwest  winds 
of  the  northern  hemisphere,  should  pass  over  a  region  of  less  pre- 
cipitation, generally,  than  they  would  do,  if,  while  performing  the 
office  of  southeast  trades,  they  had  blown  over  water  instead  of  land; 
The  southeast  trade  winds,  with  their  load  of  vapor,  whether  great 
or  small,  take,  after  ascending  in  the  equatorial  calms,  a  northeast- 
erly direction  :  they  continue  to  flow  in  the  upper  regions  of  the 
air,  in  that  direction,  until  they  cross  the  tropic  of  cancer.  The 
places  of  least  rain,  then,  between  this  tropic  and  the  pole,  should 
be  precisely  those  places  which  depend  for  their  rains  upon  the  va- 
por which  the  winds  that  blow  over  southeast  trade-wind  Africa  and 
America,  convey. 

Now,  if  we  can  trace  the  path  of  these  winds  through  the  extra- 
tropical  regions  of  the  northern  hemisphere,  we  shall  be  able  to 
identify  it  by  the  footprints  of  the  clouds ;  for  the  paths  of  the 
winds  which  depend  for  their  moisture  upon  such  sources  of  supply 
as  the  dry  land  of  Central  South  America  and  Africa,  cannot  lie 
through  a  country  that  is  watered  well. 

It  is  a  remarkable  coincidence,  at  least,  that  the  countries  in  the 
extra-tropical  regions  of  the  north,  that  are  situated  to  the  northeast 
of  the  southeast  trade  winds  of  South  Africa  and  America ;  that 
the  countries  with  us,  over  which  theory  makes  these  winds  to  blow, 
include  all  the  great  deserts  of  Asia,  and  the  districts  of  least  pre- 
cipitation in  Europe*. 


*  Let  any  one  take  a  map  of  Mereatoi's  projection,  and  on  it  draw  lines  from  the 
tropic  of  cancer  towards  the  north,  to  represent  the  probable  route  and  direction 
which  the  trade  winds  of  the  two  southern  continents  take,  in  their  general 
ehonnels  of  circulation  over  the  northern  eontinentSi  The  eonntry  between  these 
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The  hyetographic  map  of  Europei  m  JohnBtcm'a  beaatifu]  Phyai- 
cal  Atlaa,  plaoea  the  region  of  least  precipitation  between  these  two 
lines. 

It  would  aeem  that  nature,  as  if  to  reclaim  this  "lee"  land  from 
the  desert,  had  stationed  hj  the  wi^side  of  tfaeae  winds  a  soooession 
of  inland  seas  to  serve  them  as  a  line  <^  relays,  for  sapplying  with 
moisture  this  thirsty  air.  There  is  the  Mediterranean  Sea,  the  Cas- 
pian Sea,  and  the  Sea  of  Aral,  all  of  which  are  situated  exactly  in 
this  direction ;  as  though  these  sheets  of  water  were  designed,  in 
the  grand  system  of  aqueous  arrangements,  to  supply  with  fresh  va- 
por, winds  that  had  already  left  enough  behind  them  to  make  an 
Amazon  and  an  Orinoco  o£ 

The  Andes  were  once  coreredby  the  aea^;  iftv  d»eir  tops  are  now 
crowned  with  the  remains  of  marine  animals.  When  they  and  their 
continent  were  submerged— admitting  that  Europe  in  general  out- 
line was  then  as  it  now  is— it  cannot  be  supposed,  if  the  circulation 
of  vapor  was  then  such  as  I  suppose  it  now  to  be,  that  the  climates 
of  that  part  of  the  old  world  which  is  under  the  lee  of  those  moun- 
tains, were  then  as  scantily  suppHed  with  moisture  as  they  now  are. 
When  the  sea  covered  South  America,  the  winds  had  nearly  all  the 
waters,  which  now  make  the  Amazon,  to  bring  away,  and  to  distri- 
bute among  the  countries  situated  along  the  route  ascribed  to  them. 

Is  there  any  evidence  that  the  basin  which  holds  the  Caspian  sea 
has  been  more  copiously  watered  than  it  is  now  f  There  is  evidence 
in  favor  of  the  probability  that  it  has  been ;  for  portions  of  that  sea 
have  retired,  and  left  salt  beds  behind. 

two  lines  is  the  ooiutry  which,  in  the  general  syitein  of  atmotpherieal  eireiila- 
tion,  lies  under  the  lee  of  sonthesst  trade-wind  Africa  and  America.  And  to  see 
where  this  coontry  i%  we  have  first  to  ascertain  where  those  two  points  on  the 
equator  are,  between  which  the  southeast  trade  winds  cross^  after  having  tra- 
versed the  greatest  extent  of  land  surface  in  South  America;  and  then  from  these 
points  to  project  lines  in  the  direction  which  these  winds  are  supposed  to  take, 
after  rismg  up  in  the  equatorial  calms.  These  two  points  will  be,  one  near  the 
mouth  of  the  Amaion,  the  other  not  &r  fr^m  the  Gallapagos  islands  :  the  pari 
of  the  equator  between  them  is  the  part  crossed  by  the  southeast  trades,  after 
having  traversed  the  greatest  extent  of  land  from  whose  surface  the  supplies  of 
moisture  are  most  scanty.  A  line  from  the  Gallapagos  through  Florence  in  Italy, 
and  another  from  the  mouth  of  the  Amazon  through  Aleppo  in  Holy  Land, 
would,  after  passing  the  tropic  of  cancer,  mark  upon  the  surface  of  the  earth  the 
route  of  these  winds :  this  is  that  "lee  country,"  which,  if  such  be  the  system  of 
atmospherical  oirculatum,  ought  to  be  scantily  supplied  with  rains. 
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If  ever  the  Caspian  sea  exposed  a  larger  surfkce  for  evaporation 
than  it  now  does ;  if  the  precipitation  in  that  valley  ever  exceeded 
the  evaporation  from  it,  as  it  does  in  all  valleys  drained  into  the 
open  sea ;  then  there  must  have  been  a  change  of  hygrometrical 
conditions  there.  And  admitting  the  vapornsprings  for  that  valley  to 
he  situated  in  the  direction  supposed*  the  rising  up  of  a  continent 
from  the  bottom  of  the  sea,  or  the  upheaval  of  a  range  of  moun- 
tains across  their  route  in  certain  parts  of  America,  Africa  or  Spain, 
might  have  been  sufficient  to  rob  the  air  of  the  moisture  which  it 
was  wont  to  carry  away -and  precipitate  upon  this  great  inland  basin. 
See  how  the  Andes  have  made  Atacama  a  desert,  and  of  Western 
Peru  a  rainless  country,  simply  by  the  rising  of  a  mountain  range 
between  these  regions  and  their  vapor-springs. 

That  part  of  Asia,  then,  which  is  under  the  lee  of  southeast  trade* 
wind'  Africa,  lies  to  the  north  of  the  tropic  of  cancer,  and  between 
two  lines,  the  one  passing  through  Cape  F almas  and  Medina,  the 
other  through  A.den  tind  Delhi.  Being  extended  to  the  equator,  they 
will  include  that  part  of  it  which  is  crossed  by  the  continental  south- 
east trade  winds  of  Africa,  after  they  have  traversed  the  greatest 
extent  of  land  surface. 

The  range  which  lies  between  the  two  lines  that  represent  the 
course  of  the  American  winds  and  vapors,  and  the  two  lines  which 
represent  the  course  of  the  African  winds  and  vapors,  is  the  range 
which  is  under  the  lee  of  winds  that  have  for  the  most  part  traversed 
water  surface,  or  the  ocean,  in  their  circuit  as  southeast  trade  winds. 
But  a  bare  inspection  of  the  chart  will  show  that  the  southeast  trade 
winds  which  cross  tiie  equator  between  long.  15°  and  60°  W.,  and 
which  are  supposed  to  blow  over  into  this  hemisphere  between  these 
two  ranges,  have  traversed  land  as  well  as  water ;  and  that  it  is  pre* 
cisely  those  winds,  which  in  the  summer  and  fall  are  converted  into 
southwest  monsoons  for  supplying  the  whole  extent  of  Ghiinea  with 
rains  and  rivers.  Those  winds,  tiierefore,  it  would  seem,  leave  much 
of  their  moisture  behind  them,  and  pass  along  to  their  channels  in 
the  grand  system  of  circulation,  for  the  most  part  as  dry  winds. 
Moreover,  it  is  not  to  be  supposed  that  the  channels  through  which 
the  winds  that  cross  tiie  equator  at  tiie  several  places  named,  are  as 
sharply  defined  in  nature  as  the  lines  suggested  would  represent 
them  to  be. 

The  whole  region  of  the  extra-tropical  old  world,  that  is  included 
within  the  ranges  marked,  is  the  region  which  has  most  land  to  wind- 
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ward  of  it  in  the  soathern  hemisphere.  Now  it  is  curious  that  all 
the  great  extra-tropical  deserts  of  the  earth,  with  those  regions  in 
Europe  and  Asia  which  have  the  least  amount  of  precipitation  upon 
them,  should  lie  within  this  range.  That  they  are  situated  under  the 
lee  of  the  southern  continents,  and  have  hut  little  rain,  may  he  & 
coincidence,  I  admit ;  but  that  these  deserts  of  the  old  world  are 
placed  where  they  are,  is  no  coincidence,  no  accident  :  they  are 
placed  where  they  are,  and  as  they  are,  by  design ;  and  in  being  so 
placed,  it  was  intended  that  they  should  subserve  some  grand  pur- 
pose in  the  terrestrial  economy.  Let  us  see,  therefore,  if  we  can 
discover  any  marks  of  that  design-Hiny  of  the  purposes  of  such  an 
arrangement— «nd  trace  any  connection  between  that  arrangement 
and  the  supposition  which  I  maintain,  as  to  the  place  whence  the 
winds  that  blow  over  those  regions  derive  their  vapors. 

It  ^ill  be  remarked  at  once,  that  all  the  inland  seas  of  Asia* 
and  all  those  of  Europe,  except  the  semi-freshwater  gul&  of  the 
north,  are  within  this  range.  The  Persian  Gulf  and  the  Red  Sea,  the 
Mediterranean,  the  Black  and  the  Caspian,  all  fall  within  it.  And 
why  are  they  planted  there?  Why  are  they  arranged  to  the  north- 
east and  southwest  under  this  lee,  and  in  the  very  direction  m 
which  theory  makes  this  breadth  of  thirsty  winds  to  prevail  ?  Clearly 
and  obviously,  one  of  the  purposes  in  the  Divine  economy  was,  that 
they  might  replenish  with  vapor  the  winds  which  are  almost  vapor- 
less  when  they  arrive  at  these  regions  in  the  general  system  of 
circulation.  And  why  should  these  winds  be  almost  vaporless ;  but 
that,  when  in  the  general  system  of  circulation  they  come  to  the 
place  for  taking  up  vapor,  the  needful  supplies  are  not  to  be  had  ; 
or  being  obtained,  have  since  been  taken  away  by  the  cool  tops  of 
mountain  ranges  over  which  these  winds  have  had  to  pass. 

In  the  Mediterranean,  the  evaporation  is  greater  than  the  pre- 
cipitation. Upon  the  Red  Sea,  there  never  falls  a  drop  of  rain  :  it  is 
all  evaporation.  Are  we  not  therefore  entitled  to  regard  the  Red  Sea 
as  a  make- weight  thrown  in  to  regulate  the  proportion  of  cloud  and 
sunshine,  and  to  dispense  rain  to  certain  parts  of  the  earth  in  due 
season  and  in  proper  quantities  ?  Have  we  not,  in  these  two  facts, 
evidence  conclusive  that  the  winds  which  blow  over  these  two  neas 
come,  for  the  most  part,  from  a  dry  country,  from  regions  which 
contain  few  or  no  pools  to  furnish  supplies  of  vapor  ? 

Indeed,  so  scantily  supplied  with  vapor  are  the  winds  which  pass 
in  the  general  channels  of  circulation  over  the  water-shed  and  sea- 


Digitized  by 


Google 


COBOLOGT.  289 

basin  g£  the  Sfediterraaeaiiy  that  they  take  op  there  more  water  as 
▼apor  then  they  deposit.  Throwing  out  (^  the  qoeetioa  what  is  taken 
«p  from  the  e<u<&ce  of  the  Medilerraaean  itself»  these  wmds  deposit 
more  water  on  the  water-shed  of  that  sea  than  they  take  up  from  it 
agaio.  The  excess  ia  to  be  foiuid  in  the  rivers  which  discharge  into 
the  Mediterranean  i  but  so  thirsty  are  the  winds  which  blow  aespoes 
the  bosom  of  that  sea,  that  they  not  only  take  up  again  all  the  water 
that  those  rivers  pour  into  it,  but  they  create  a  demand  for  an  im- 
mense current  frx>m  the  AUantic  to  supply  the  rest. 

It  is  estimated  that  ^ee*  times  as  nroch  water  as  the  Mediterra- 
nean receives  frxmi  its  rivers,  is  evaporated  fit>m  it  TMs  may  be^ui 
over-estimate ;  but  the  frust  is  made  obvious  by  the  current  wihich 
the  Atlantic  sends  in  through  the  Straits  of  Gibraltar,  that  the  eva- 
poration fit>m  it  is  in  excess  of  the  precipitation ;  and  that  the 
difference,  whether  it  be  much  or  little,  is  carried  off  to  modify 
climate  elseiiv^ere ;  toTefresh  vrith  showers,  and  make  fiiiitih],  some 
other  parts  of  the  eardi. 

The  great  inland  basin  of  Aaia  in  which  are  Aral  and  the  Caspian 
seas  is  situated  on  the  route  vehich  I  make  these  thirsty  vrinds  from 
southeast  trade-vrind  Africa  and  America  to  take ;  and  so  aoant  of 
vapor  are  these  winds  when  they  arrive  in  this  basin,  that  they  have 
no  mcHsture  to  leave  b^nd  :  just  as  much  as  they  pour  down,  they 
take  up  again  and  carry  off.  The  level  of  the  Caspian  sea  is  as  per- 
manent as  that  of  the  whole  ocean.  We  know  that  the  volume  of 
water  returned  by  the  winds,  the  rains,  and  the  dews,  into  the  whole 
ocean,  is  exactly  equal  to  the  volume  whidi  those  seas  give  back  to 
the  atmosphere ;  for  as  far  as  our  knowledge  extends,  the  level  of 
each  of  these  two  seas  is  as  permanent  as  that  of  the  great  ocean 
itself. 

These  winds,  therefore^  do  not  begin  permanently  to  lay  down 
their  load  of  moisture,  be  it  great  or  small,  until  they  cross  the 
Oural  mountains.  On  the  steppes  of  Issim  we  find  them  first  begin- 
ning to  lay  down  more  than  they  take  up  again,  after  they  have 
supplied  the  Amazon  and  the  other  great  equatorial  rivers  of  the 
South.  In  the  Obi,  the  Yenesi  and  the  Lena,  is  to  be  fi^und  the> 
volume  which  contains  the  expression  for  the  load  of  water  whidi 
these  winds  have  brought  fit>m  the  aouthem  hemisphere,  the  Medi- 

*  Vide  Artiole  "Fhynoal  Qeography,"  SEioy<dop»dia  Britannies, 
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terranean  and  the  Red  sea ;  for  in  these  almost  hyperborean  river- 
basins  do  we  find  the  first  instance  in  which,  throughout  the  entire 
range  assigned  these  winds,  they  haye,  after  supplying  the  Amazon, 
&;c.,  left  more  water  behind  them  than  they  have  taken  up  again  and 
carried  off.  The  low  temperatures  of  Siberian  Asia  are  quite  sufr 
cient  to  extract  from  these  winds  the  remnants  of  vapor  which  the 
cool  mountain  tops  and  mighty  rivers  of  the  southern  hemisphere 
have  left  in  them. 

Here  I  may  be  permitted  to  pause,  that  I  may  call  attention  to 
the  remarkable  coincidence,  and  admire  the  marks  of  design,  the 
beautiful  and  exquisite  adjustments  that  we  see  here  provided,  to 
ensure  the  perfect  workings  of  the  great  Atmospherical  Machine. 
The  coincidence  is  between  the  hygrometrical  conditions  of  all  the 
countries  within,  and  the  hygrometrical  conditions  of  all  the  coun- 
tries without,  the  range  included  within  the  lines  which  I  have  drawn 
to  represent  the  route  in  this  hemisphere  of  the  southeast  trade  winds 
which  have  blown  their  course  over  the  land  in  South  Africa  and 
America.  Both  to  the  right  and  the  left  of  this  range,  are  countries 
included  between  the  same  parallels  in  which  it  is ;  yet  these  coun- 
tries all  receive  more  water  from  the  atmosphere,  than  they  give 
back  to  it  again  :  they  all  have  rivers  running  into  the  sea.  On  the 
one  hand,  there  are  in  Europe  the  Rhine,  the  Elbe,  and  aU  the  great 
rivers  thieit  empty  into  the  Atlantic  :  on  the  other  hand,  there  are  in 
Asia,  the  Granges,  and  all  the  great  rivers  of  China ;  and  in  North 
America,  in  the  latitude  of  the  Caspian  sea,  is  our  great  system  of 
fresh-water  lakes  :  all  of  these  receive  ftt>m  the  atmosphere  im- 
mense volumes  of  water,  and  pour  it  into  the  sea  in  streams  the 
most  magnificent. 

It  is  remarkable  that  none  of  these  copiously  supplied  water-sheds 
have  to  the  southwest  of  them,  in  the  trade-wind  regions  of  the 
southern  hemisphere,  any  considerable  body  of  land  :  they  are  all 
of  them  under  the  lee  of  evaporating  surfaces,  of  ocean  waters,  in 
the  trade-wind  region  of  the  south.  Only  those  countries  in  the  extra- 
tropical  north,  which  I  have  described  as  lying  under  the  lee  of 
trade-wind  South  America  and  Afiica,  are  scantily  supplied  with 
rains. 

The  surface  of  the  Caspian  sea  is  about  equal  to  ^at  of  oar  lakes : 
in  it,  evaporation  is  just  equal  to  the  precipitation.  Our  lakes  are 
between  die  same  parallels,  and  about  the  same  distance  from  the 
western  coast  of  America  that  the  Caspian  is  from  the  western  coast 
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of  Europe ;  and  yet  the  waters  discharged  by  the  St  Lawrence  give 
us  an  idea  of  how  greatly  precipitation  is  in  excess  of  evaporation 
here  with  us.  To  windward  of  the  lakes,  and  in  the  trade-wind  re- 
gions of  the  southern  hemisphere,  is  no  land.  Therefore,  supposing 
that  such  as  I  maintain  is  the  course  of  the  vapor-distributing  winds, 
ought  they  not  to  carry  more  water  from  the  ocean  to  the  lakes,  than 
from  the  land^*from  the  interior  of  3outh  Africa  and  America— 
to  the  Caspian  1 

In  like  manner,  extra-tropical  New-Holland  and  South  Africa 
have  each  land — not  water — to  the  windward  of  them  in  the  trade- 
wind  regions  of  the  northern  hemisphere,  where  the  vapor  for  their 
rains  ought  to  be  taken  up  :  they  are  both  countries  of  little  rain ; 
but  extra-tropical  South  America  has,  in  the  trade-wind  region  to 
windward  of  it  in  the  northern  hemisphere,  a  great  extent  of  ocean» 
and  the  amount  of  precipitation  in  extra-tropical  South  America 
is  wonderful.  The  coincidence,  therefore,  is  remarkable,  that  the 
countries  in  the  extra-tropical  regions  of  this  hemisphere,  which  lie 
to  the  northeast  of  large  districts  of  land  in  the  trade-wind  regions 
of  the  other  hemisphere,  should  be  scantily  supplied  with  rains  j  and 
likewise  that  those  so  situated  in  the  extraptropical  south,  with  re- 
gard to  land  in  the  trade-wind  region  of  the  north. 

Having,  thus  remarked  upon  the  coincidence,  let  us  turn  to  the 
evidences  of  design,  and  contemplate  the  beautiful  harmony  dis- 
played in  the  arrangement  of  the  land  and  water,  as  we  find  them 
along  this  conjectural  '*  wind-road." 

Those  who  admit  design  among  terrestrial  adaptations,  or  have 
studied  the  economy  of  cosmical  arrangements,  will  not  be  loth 
to  grant  that  the  atmosphere  keeps  in  circulation  a  certain  amount 
of  moisture ;  that  the  waters  of  which  this  moisture  is  made  are 
supplied  by  the  aqueous  surface  of  the  earth,  and  returned  to  the 
seas  again  through  rivers  and  the  process  of  precipitation ;  that  a 
permanent  increase  or  decrease  of  the  quantity  of  water  thus  put 
and  kept  in  circulation  by  the  winds  would  be  followed  by  a  cor- 
responding change  of  hygrpraetrical  conditions,  which  would  draw 
afler  it  permanent  changes  of  climate.  Permanent  changes  of  climate 
would  involve  the  ultimate  well-being  of  myriads  of  organisms,  both 
in  the  vegetable  and  animal  kingdoms. 

The  quantity  of  moisture  that  the  atmosphere  keeps  in  circulation 
is,  no  jioubt,  just  that  quantity  which  is  best  suited  to  the  well-being, 
and  wr  the  proper  development  of  the  vegetable  and  animal  king- 
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doms ;  and  that  quantity  is  dependent  upon  the  arrangement  that  we 
see  in  nature  between  the  land  and  the  water  -'—  between  mountain 
and  desert,  river  and  sea.  If  the  seas  and  evaporating  surfaces  were 
changed,  and  removed  irom  the  places  they  occupy,  to  other  places, 
the  places  of  precipitation  probably  would  also  be  changed  :  whole 
families  of  plants  would  wither  and  die  for  the  want  of  cloud  and 
sunshine,  dry  and  wet,  in  proper  proportions ;  and,  with  the  blight 
of  plants,  whole  tribes  of  animals  would  also  perish,  and,  under  sudi 
a  chance  arrangement,  man  would  no  longer  be  able  to  rely  upon 
the  early  and  the  latter  rain,  or  to  co^nt  with  certainty  upon  the 
rains  being  sent  in  due  season  fbr  seed'-time  and  harvest  And  that 
the  rain  will  be  sent  in  due  season,  we  are  assured ;  and  when  we 
recollect  who  it  is  that  **  sendeth  **  it,  we  feel  the  conviction  strong 
within  us,  that  He  that  sendeth  the  rain  has  the  winds  for  his  mes- 
sengers ;  and  that  they  may  do  his  bidding,  the  land  and  tiie  sea 
were  arranged,  both  as  to  position  and  proportion,  where  they  are, 
and  as  diey  are. 

It  should  be  borne  in  mind  that  the  southeast  trade  winds,  after 
they  rise  up  at  the  equator,  have  to  oveiieap  the  northeast  trade 
winds.  Consequently  they  do  not  touch  the  earth  until  near  the  tropic 
of  cancer  •—  more  frequently  to  the  north,  than  to  the  south  of  it; 
but  for  a  part  of  every  year,  the  place  where  these  vaulting  south- 
east trades  first  strike  the  earth,  after  leaving  the  other  hemisphere, 
is  very  near  this  tropic.  On  the  equatorial  side  of  it^  be  it  remem* 
bered,  the  northeast  trade  winds  blow  :  on  the  polar  side,  what  vras 
the  southeast  trades,  and  what  is  now  the  prevailing  southwesterly 
winds  of  our  hemisphere,  prevaiL  Now  take  a  map  of  the  Eastern 
hemisphere,  and  it  will  be  seen  that  the  upper  half  of  the  Red  Sea 
is  north  of  the  tropic  of  cancer ;  the  lower  half,  to  the  south  of  it  ? 
that  the  latter  is  within  die  northeast  trade-wind  region ;  the  former, 
in  the  region  where  the  southwest  passage  winds  are  the  prevailing 
winds. 

The  River  Tigris  is  probably  evaporated  from  the  upper  balf  of 
this  sea  by  these  winds ;  while  the  northeast  trade  winds  take  up  from 
the  lower  half,  those  vapors  which  feed  the  Nile  with  rain,  and  whidi 
the  clouds  deliver  to  the  cold  demands  of  the  Mountains  of  the  Moon. 
Thus  diere  are  two  "  wind-roads"  crossing  this  sea  :  to  the  wind- 
ward of  it,  each  wind  path  is  through  a  rainless  region ;  to  the 
leeward,  in  each  case,  is  a  river  to  cross. 

The  Persian  Gulf  lies  for  the  most  in  the  track  of  the  southwest 
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ynads.  :  to  the  windwiard  of  the  PeFsian  Gulf  is  a  desert ;  to  the 
leeward^  the  fiiyer  Indu3*  This  is  the  way  in  which  theory  would 
require  the  yapor  from  the  Red  Sea  and  Persian  Gulf  to  he  con- 
yeyed  ^  and  this  is  the  way  in  which  we  find  indications  that  it  is 
conyeyed.  For  to  leeward  do  we  find,  in  each  case,  a  riyer,  telling 
to  us  by  signa  not  to  be  mistaken,  that  it  receiyes  more  water  from 
the  clouds  than  it  giyes  back  to  the  ynnds. 

Is  it  not  a  curious  circumstance  that  the  winds  which  trayel  the 
road  suggested  from  the  southern  hemisphere,  should,  when  they 
touch  the  earth  on  the  polar  side  of  the  northern  tropic,  be  so  thirsty, 
mo^re  thirsty,  much  more,  than  those  which  trayel  on  either  side  of 
their  path,  and  which  are  supposed  to  haye  come  from  southern 
seas,  not  from  southern  lands  1 

The  Mediterranean  has  to  giye  those  winds  three  times  as  much 
yapor  as  it  receiyes  from  them  :  the  Red  Sea  giyes  them  as  much  as 
they  yyiU  take,  and  receiyes  nothing  back  in  return ;  the  Persian 
Gulf,  doubtless,  giyes  more  than  it  receiyes.  What  becomes  of  the 
rest  t  Doubtless  it  is  giyen  to  the  ynnds,  that  they  may  bear  it  off 
to  distant  regions,  apd  make  fruitful,  lands  that  but  for  these  sources 
of  supply  would  be  almost  rainless,  if  not  entirely  arid,  waste  and 
barren. 

These  seas  and  arms  of  the  ocean  now  present  themselyes  to  the 
yyind  as  counterpoises  in  the  great  hygrometrical  machinery  of  the 
earth.  Ab  sheets  of  water  placed  where  they  are,  to  balance  the 
land  in  the  trade-wind  region  of  South  America  and  South  Africa, 
they  now  present  themselyes.  When  the  foundations  of  the  earth 
were  laid,  we  know  who  it  was  that  "  measured  the  waters  in  the 
**  hollow  of  his  hand,  and  meted  out  the  heayens  with  a  span,  and 
**  comprehended  the  dust  of  the  earth  in  a  measure,  and  weighed 
**  the  mountains  in  scales,  and  the  hills  in  a  balance." 

Here  then  we  see  harmony  in  the  winds,  design  in  the  mountains, 
order  in  the  sea,  arrangement  in  the  dust.  Here  are  signs  of  beauty 
and  works  of  grandeur;  and  we  may  now  fancy,  that  in  this  ex- 
quisite system  of  adaptations  and  compensations,  we  can  almost 
behold  in  the  Red  and  Mediterranean  seas  the  yery  waters  that  were 
held  in  the  hollow  of  the  Almighty  hand,  when  He  weighed  the 
Andes  and  balanced  the  hills  in  Africa. 

In  that  great  inland  basin  of  Asia  which  holds  the  Caspian  sea, 
and  embraces  an  area  of  one  million  and  a  half  of  geographical 
square  nules  of  land,  we  see  the  water-surface  ao  exquisitely  ad- 
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justed,  that  it  is  just  sufficient,  and  no  more,  to  return  to  the 
atmosphere  as  vapor,  exactly  as  much  moisture  as  the  atmosphere 
lends  in  rain  to  the  rivers  of  that  basin. 

Thus  we  may  regard  the  Mediterranean,  the  Red  sea  and  Persian 
gulf  as  relays,  distributed  along  the  route  of  these  thirsty  winds 
from  the  continents  of  the  other  hemisphere,  to  supply  them  with 
vapor,  or  to  restore  to  them  that  which  they  have  left  behind  to  feed 
the  sources  of  the  Amazon,  the  Niger,  and  the  Congo. 

In  contemplating  the  office  of  the  winds  in  the  distribution  of 
moisture  over  the  earth,  we  may  liken  them  to  messengers  that  are 
heavily  tasked,  being  laden  with  as  much  as  they  can  bear.  The  load 
of  water  given  to  them  to  carry  away  from  the  sea  into  the  recesses 
of  the  most  distant  mountains,  becomes  too  heavy,  and  then  it  is 
precipitated  as  mountain  torrents.  There  is  then  a  change  of  tem- 
perature :  the  atmosphere  is  invigorated ;  and  straightway  the  winds 
commence  to  lift  up  their  load  again  ;  taking  as  before,  a  large  por- 
tion of  that  which  they  had  just  let  down  to  rest 

A  change  occurs  in  the  sublime  economy,  by  which  to-day  the 
winds  are  relieved  of  their  load  in  one  part  of  the  valley  of  the 
west  ;  they  precipitate  and  pass  on.  To-morrow,  fresh  air  arrives ; 
and  it  commences  straightway  to  take  up  this  load  again — to  evapo- 
rate from  leaf,  twig  and  soil,  all  the  moiisture  it  can  find,  and  to  bear 
it  off  to  make  rains  for  the  Lake  country  or  some  other  land. 

The  change  of  temperature  from  day  to  day  accomplishes  im- 
portant ends  in  the  grand  aiTangement  for  giving  circulation  to 
moisture,  and  rains  to  the  earth.  According  to  the  beautiful  series 
of  observations,  which,  at  my  request,  a  brother  officer*  conducted 
upon  the  habits  of  the  Mississippi  river  as  it  passes  Memphis  in 
Tennessee,  it  appears  that  only  about  one-sixth  of  the  water  that  is 
rained  in  that  valley  reaches  the  ocean  through  that  river.  The  other 
five-sixths  are  taken  up  again  into  the  air,  and  are  carried  off  in  the 
general  channels  of  circulation  to  supply  other  systems  of  lake  and 
river  basins. 

The  hypothesis  that  the  winds  from  South  Africa  and  America  do 
take  the  course  through  Europe  and  Asia  which  I  have  marked  oat 
for  them,  is  supported  by  so  many  coincidences,  to  say  the  least, 
that  we  are  entitled  to  regard  it  as  probably  correct,  until  a  train  of 
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GoincideDces  as  striking  can  be  adduced  to  shew  that  such  is  not  the 
case. 

Returning  once  more  to  a  consideration  of  the  geological  agency 
of  the  winds  in  accounting  for  the  depression  of  the  Dead  Sea»  we 
now  see  the  fact  most  strikingly  brought  out  before  us,  that  if  the 
Straits  of  Gibraltar  were  to  be  barred  up,  so  that  no  water  could 
pass  through  them,  we  should  have  a  great  depression  of  water-lerel 
in  the  Mediterranean.  Three  times  as  much  water  is  evaporated 
from  that  sea,  as  is  returned  to  it  through  the  rivers.  A  portion  of 
water  evaporated  from  it  is  probably  rained  down  and  returned  to 
it  through  the  rivers ;  but  —  supposing  it  to  be  barred  up  — -  as  the 
demand  upon  it  for  vapor  would  exceed  the  supply  by  rains  and 
rivers,  it  would  commence  to  dry  up.  As  it  sinks  down,  the  area 
exposed  for  evaporation  would  decrease,  and  the  supplies  to  the 
rivers  would  diminish,  until  finally  there  would  be  established  be- 
tween the  evaporation  and  precipitation  an  equilibrium,  as  in  the 
Dead  and  Caspian  seas ;  but  for  aught  we  know,  the  water-level  of 
the  Mediterranean  might,  before  this  equilibrium  were  attained,  have 
reached  a  stage  far  below  that  of  the  Dead  Sea  level. 

The  Lake  Tadjura  is  now  in  the  act  of  attaining  such  an  equili- 
brium :  there  are  connected  with  it  the  remains  of  a  channel  by 
which  the  water  ran  into  the  sea ;  its  surface  is  now  500  fbet  below 
the  sea  level,  and  it  is  salting  up.  If  not  in  the  Dead  Sea,  do  we  not, 
in  the  valley  of  this  lake,  find  outcropping  some  reason  for  the 
question,  What  have  the  winds  had  to  do  with  the  phenomena  be- 
fore us  1 

The  vrinds,  in  this  sense,  are  geological  agents  of  great  power.  It 
is  not  impossible  but  that  they  may  afford  us  the  means  of  com- 
paring, directly,  geological  events  which  have  taken  place  in  our 
hemisphere,  with  geological  events  in  another.  The  tops  of  the  An- 
des were  once  at  the  bottom  of  the  sea.  Which  is  the  oldest  forma* 
don,  that  of  the  Dead  Sea,  or  the  Andes  ?  If  the  former  be  the 
older,  then  the  climate  of  the  Dead  Sea  must  have  been  hygrome- 
trically  very  different  from  what  it  now  is. 

In  regarding  the  winds  as  geological  agents,  we  can  no  longer 
consider  them  as  the  type  of  instability.  We  rather  behold  them  in 
the  light  of  ancient  and  faithful  chroniclers,  which,  upon  being  right- 
ly consulted,  will  reveal  to  us  truths  which  nature  has  written  upon 
their  wings  in  characters  as  legible  and  as  enduring  as  she  ever  en- 
graved the  history  of  geological  events  upon  the  tablet  of  the  rock. 
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Pro£  RoDGEBs  has  suggested  the  idea  that  liie  salt  of  the  sea  is 
washed  into  it  by  the  rains  and  riyers  from  the  land.  The  waters  of 
Lake  Titicaca,  which  receives  the  drainage  of  the  great  inland  Ur 
sin  of  &e  Andes,  are  only  brackish^  toot  salt.  Hence  we  raaj  inftr 
tiiat  this  lake  has  not  been  standing  long  enough  to  become  hrine^ 
like  the  waters  of  the  Dead  Sea  :  consequently  it  belongs  to  amon 
recent  period.  On  the  other  hand,  it  will  also  be  int^'esttng  to  betr 
that  my  friend  Captain  Ltnoh  informs  me,  that  in  his  exploratioB 
of  the  Dead  Sea,  he  saw  what  he  took  to  be  the  dry  bed  of  a  lira 
that  once  flowed  from  it  And  thus  we  have  two  more  stout  fiaki, 
and  strong,  to  add  to  the  chain  of  circumstantial  evidence  going  to 
sustain  the  testimony  of  tins  strange  and  fickle  witness  which  I  hive 
called  up  from  the  sea  to  testify  in  this  presence  concerning  die 
works  of  nature,  and  to  tell  us  which  be  the  older,  the  Andes  vratck- 
ing  the  stars  with  their  hoary  heads,  or  the  Dead  Sea  sleeping 
upon  its  cubic  beds  of  crystal  salt. 


16.    Fault  in  a  Metallic  VBUt  as  uvms  at  Stsblimo  Bfrni, 
Nbw<Jbe8bt.    By  A.  C.  FABBOfOTON,  of  Newark,  N.  J. 

In  removing  the  white  limestone  from  the  southeasterly  aide  of  tbe 
zinc  mine  at  Sterling  Hill,  at  the  distance  of  four  feet  and  nine  inches 
from  the  vein  of  red  zinc  ore,  and  parallel  to  the  same,  was  found  a 
vein  about  seven  inches  wide,  in  the  white  limestone,  that  exhibita 
a  striking  example  of  the  kind  of  displacement  called  /amU.  TIm 
metallic  vein  is  one  composed  of  sulphuret  of  zinc,  copper  and  ga- 
lena. The  vein  has  been  removed  at  the  fracture  4^  inches.  A  trace 
like  that  of  a  blacklead  pencil  connects  the  several  parts,  and  the 
displacement  took  place  under  circumstances  highly  &vorable  for 
the  limestone  becoming  again  united  :  it  is  so  completely  solidifiei 
that,  from  texture  or  fracture,  no  evidence  can  be  obtained  of  I 
fi>rmer  displacement 


17.  On  thb  Silt  and  Dbainaoc  ov  thb  Mississippi  Rivbb.    By 
Lieut.  M.  F.  Maubt,  U.  S.  N. 
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18.    On  t^  Bouldsr  Htpothesis.    By  Hon.  A.  Osbobns,  of 

Albany. 

[Not  received,] 


19.    On  a  niSTOBTED  Quartz  Vein  in  Sibnitb.    By  A.  C. 
Farbinoton,  of  Newark. 

[  Not  received.] 


to.    On  thk  MsTHons  or  iNTBsrioATtoN  adopted  in  the  Oeolo- 
01CAL  SuRYET  OP  Pennstltania.    By  Prof  H.  D.  Rogers. 

[  Not  received.] 


21.   On  the  Origin  op  Stratipication.    By  D.  A.  Wells,  Esq., 
of  Cambridge. 

The  general  idea  respecting  the  origin  or  cause  of  stratification,  as 
expressed  in  geological  text4>ooks,  or  as  inferred  from  the  writings 
of  geologists,  seems  to  be  this  :  that  strata,  or  the  so-called  divisions 
of  sedimentary  matter,  have  been  produced  eidier  by  an  interruption 
of  deposition,  or  a  change  in  the  quality  of  the  material  deposited. 
This  idea  is  well  illustrated  by  the  deposition  of  matter  by  tides  or 
inundations,  its  subsequent  consolidation,  and  a  renewed  deposition 
on  the  plane  of  the  former  deposit  That  such  is  really  the  cause  of 
stratification  in  many  cases,  I  do  not  dispute ;  but  that  there  are 
other  causes  which  tend  to  produce  and  have  produced  stratification, 
equally  extensive  and  varied,  is,  I  think,  clearly  shown  by  the  fol- 
lowing observations  : 

My  attention  was  first  drawn  to  the  sulject  during  the  past  sum- 
mer, while  engaged  in  the  analysis  of  soils.  By  the  process  adopted, 
Ihe  soil  was  washed  upon  a  filter  for  a  considerable  number  of  days, 
in  some  cases  fi>r  a  period  as  long  as  two  weeks,  and  subsequently 
dried  at  a  temperature  of  250^  F.  The  residue  of  the  soil  left  upon 
the  filter^  consisting  chiefly  of  silica  and  alumina,  was  found,  after 
drying,  in  every  instance,  to  be  more  or  leas  stratified,  and  that  too  by 
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divisional  planes,  in  some  cases  not  at  all  coincident  with  any  diTiuan 
of  the  materials,  although  this  is  apt  to  take  place.  The  strata  so 
produced  were  in  some  instances  exceedingly  perfect  and  beautifnl* 
not  altogether  horizontal,  but  slightly  curved,  and  in  some  degree 
conforming  to  the  shape  of  the  funnel.  The  production  of  laminae 
was  also  noticed,  especially  by  the  cleavage  of  the  strata  produced* 
into  delicate,  thin,  parallel  plates,  when  moistened  with  water.  These 
arrangements,  it  is  evident,  were  not  caused  by  any  interruption  and 
renewal  of  the  matter  deposited,  or  by  any  change  in  the  quality  of 
the  particles  deposited,  but  from  two  other  causes  entirely  distinct, 
and  which  I  conceive  to  be  these  :  first,  from  a  tendency  in  earthy 
matter,  subjected  to  the  filtering,  soaking,  and  washing  of  water  for 
a  considerable  period,  to  arrange  itself  according  to  its  degree  of 
fineness,  and  thus  form  strata ;  and  secondly,  from  a  tendency  in 
earthy  matter,  consolidated  both  by  water  and  subsequent  exsicca- 
tion, to  divide,  independently  of  the  fineness  or  quality  of  its  com- 
ponent particles,  into  strata  and  laminsB.  The  tendency  of  this  earthy 
matter  is  generally  to  divide  along  the  lines  formed  by  the  arrange- 
ment of  the  particles  according  to  their  nature  or  quality  :  this  is 
not,  however,  always  the  case,  as* was  proved  by  the  observations 
noted,  and  which  is  also  conclusively  shown  by  the  examination  of 
almost  any  stratified  rocks. 

In  the  valley  of  the  Connecticut,  where  the  sandstones  remain 
unaltered  in  any  great  degree  by  heat  or  dislocation,  the  stratification 
produced  by  the  several  causes  may  be  clearly  seen  and  studied. 
On  the  western  edge  of  this  deposit,  we  have  rocks  composed  of 
strata,  which  would  at  once  be  referred  to  the  action  of  tides  or  in- 
undations by  the  most  inexperienced  observer.  The  strata  here  vary 
from  a  tenth  of  an  inch  to  an  inch  in  thickness  ;  they  are  also  covered 
vrith  mud-cracks,  and  the  various  markings  which  are  usually  found 
upon  a  shore  or  beach.  In  other  portions  of  the  valley,  we  have  strata 
divisions  occasioned  by  the  lines  which  separate  materials  differing 
either  in  quality  or  nature,  as  in  the  shales  from  the  sandstone,  the 
coarse  conglomerates  from  the  fine  sandstone,  or  the  highly  bitumi- 
nous shales  from  those  less  bituminous.  And  then  upon  the  extreme 
eastern  edge  of  this  sandstone  deposit,  we  find  strata,  the  leaves  of 
which  measure  from  one  to  two,  and,  in  some  instances,  three  feet 
in  thickness,  each  embracing  in  itself  matter  ranging  from  a  coazve 
conglomerate  to  die  finest  sand ;  and  yet  none  of  these,  within  the 
limits  of  the  particular  strata  in  which  they  are  included,  exhibit  the 
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sligbtest  tendency  to  break  or  divide  in  any  one  direction  more  than 
another. 

The  observationB  here  stated,  I  am  happy  to  find,  have  been  also 
noticed  to  some  extent  by  others  conversant  vnth  the  subject  of 
stratification.  Sawdust,  subjected  to  the  filtering  action  of  water,  has 
been  observed  by  Prof.  Aoassiz  to  assume  a  regular  stratified  ap- 
pearance. The  same  has  also  been  noticed  by  Dr.  Hates  of  Boston, 
in  the  vats  into  which  clay,  used  for  the  manufacture  of  alum,  is 
washed.  I  have  also  noticed  regular  stratification  in  the  dried  deposit 
of  a  puddle  in  the  streets,  where  no  apparent  change  in  the  character 
of  the  materials  deposited  could  be  noticed,  and  when  there  was 
certainly  no  interruption  of  deposition. 

If  the  divisions  of  stratification  which  I  have  thus  pointed  out  be 
admitted,  it  is  not  improbable  that  many  cases  of  what  are  now  con- 
sidered disturbed  and  tilted  strata  are  none  other  than  their  normal 
condition. 

Dr.  Emmons  remarked  that  he  agreed  entirely  with  the  views 
brought  forward  by  Mr.  "Wells,  and  referred  to  cases  of  clay  beds, 
in  which  certain  strata  were  contorted  and  inclined,  apparently  from 
forces  acting  laterally,  or  from  below ;  but  which  forces,  from  the 
undisturbed  condition  of  the  surrounding  beds,  could  not  have  acted 
in  such  a  manner  as  to  have  produced  the  disturbance  referred  to  : 
they  must  therefore  be  accounted  for  by  peculiarities  or  changes  in 
the  method  of  deposition,  and  by  subsequent  changes. 

Professor  Hall  stated  that  he  had  also  accumulated  considerable 
evidence  in  regard  to  this  subject,  and  regarded  it  as  highly  impor- 
tant in  a  geological  point  of  view. 


22.  On  the  Geological  Age  or  the  Clay  Slate  of  the  Con- 
necticut Valley,  in  Massachusetts  and  Vermont.  By 
Pros*  E.  HrrcHOOcR,  of  Amherst  College. 

The  clay  slate  deposit  of  the  Connecticut  valley,  commencing  at 
Bemardston  in  Massachusetts,  and  extending  northerly  into  Guilford, 
Dummerston,  &c.  in  Vermont,  has  usually  been  regarded,  both  from 
its  associations  with  mica  slate,  and  the  absence  in  it  of  organic  re- 
mains, as  well  as  the  shining  aspect  of  its  surfaces,  to  belong  to  a 
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very  ancient  date ;  scarcely  newer*  indeed*  tlian  mica  slate.  In  Ber- 
nardstoQ  I  had  long  ago  found  and  described  encrinal  remains  in  a 
bed  of  limestone,  whick  I  bad  aapposed  to  lie  upon  the  slate ;  bat 
recently  I  have  discovered*  I  think,  a  mass  of  the  slate  beneath  which 
the  limestone  passes*  although  the  actual  contact  be  not  Tisible.  This 
fact  has  led  me  to  look  more  carefiiUj  for  the  fi>ssi]s ;  and  I  find  at 
least  two  species  of  encrinites.  These  were  shown  to.  James  Hall* 
Esq.)  and  he  is  of  opinion  that  they  probably  belong  to  the  period  of 
the  Onondaga  limestone  of  the  New-York  Surveys ;  at  least,  that 
they  are  not  more  ancient  than  that  rock.  Thus  we  fix  the  age  of  this 
day  slate  as  a  part  of  the  Devonian  system*  unless  there  is  some 
mistake  in  the  observations  or  the  opinions  as  to  their  character. 

If  this  result  be  admitted,  it  does  not  follow  that  all  the  rocks  of 
the  Green  and  White  mountains  are  no  older  than  fossiliferous  rocks, 
as  some  miuntain ;  for  the  slate  formation  in  the  Connecticut  valley 
is  manifestly  a  newer  rock  than  those  which  succeed*  either  on  the 
east  or  the  west.  Perhaps  it  is  a  portion  of  the  Hudson-river  slate, 
which  once  arched  over  the  intervening  Hoosic  mountain,  and  M^ch 
has  been  subsequently  worn  away  except  in  this  deep  valley.  At  any 
rate,  I  have  met  nowhere,  either  in  this  country,  Great  Britain,  or 
Switzerland,  with  rocks  more  thoroughly  crystalline  than  those  which 
constitute  most  of  the  "White  mountain  ranges,  Gkieiss,  mica  slate, 
and  hornblende  slate,  just  such  as  you  find  in  the  central  Alps  in  the 
vicinity  of  Mont  Blanc,  constitute  these  ranges.  They  may,  however, 
be  as  new  as  the  palaeozoic  strata ;  but  if  they  are,  then  I  think  no 
rocks  on  the  globe  probably  are  older.  Such  a  conclusion  I  am  per- 
fectly ready  to  admit,  when  fkirly  proved ;  but  we  should  be  cautious 
in  admitting  a  conclusion  which  goes  to  the  very  extreme  of  mete- 
morphism,  without  decisive  evidence.  We  should  at  least  wait  till 
the  White  mountains  have  been  more  carefully  studied.  Years  of 
examination  by  the  ablest  geologists  will,  in  my  opinion,  be  requbite, 
before  we  understand  fully  the  characters  of  those  mighty  ranges. 
The  work  has  yet  scarcely  been  begun. 


28.    Ok  thb  Geolooioal  Aes  of  thb  Coal*bsarino  Rooks  or 

Nobth-Carolina.    By  Fro£  W.  B.  Bocibm,  oi  the  Uiuveraity 

of  Vurginia. 

[  Nat  reedvtd.] 
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S4.      BElfAKKS  ON    THE   TSILOBITB   OF    TRB    FOTBDAM   SANBSTONBf 
NAMED   BT  Dft.  OwBN  DikMac^hohu,  AND   IT8    RsLAtlONS   TO 

AsAPBus  AND  Oqtqia.    By  Ptof.  Jambs  Hall. 


[Not  received^ 


25.    On  the  Altebnations  of  Mabine  and  Tebbbstbial  Oboanic 
Remains  in  the  Cabbonifebous  Sbbies  of  Ohio.    By  J.  W. 

FOSTEB. 

Mb.  Fosteb  commenced  by  sketching  the  boundaries  and  principal 
groups  of  rocks  in  Ohio,  and  proceeded  to  show  that  the  equivalents 
of  most  of  those  forming  the  Silurian  and  Devonian  series  were  to 
be  found  in  the  New- York  classification ;  but,  on  the  other  hand, 
many  of  the  New-York  series,  particularly  the  conglomerates,  or 
^ose  rocks  which  were  indicative  of  disturbaoM»  of  the  sea  bottom, 
were  wanting  in  Ohio. 

He  spoke  of  the  necessity  of  a  subdivision  of  what  has  been 
termed  the  Cliff  limestone,  into  two  distinct  groins ;  a  subdivision 
which  was  fully  warranted  by  the  organic  remains.  The  sandstone 
beneath  the  productive  Coal  measures  had  hitherto  been  classed  as 
a  single  group,  under  the  name  of  Waverly ;  but  he  was  satisfied 
that  it  was  susceptible  of  at  letot  a  threefold  division,  characterized 
by  well  defined  zoological  diffi^rences.  The  entombed  remains,  he 
remarked,  were  more  characteristic  of  the  Carboniferous  than  the 
Devonian  series. 

He  next  proceeded  to  describe  a  section  along  the  National  road, 
through  a  portion  of  the  Ohio  coalfield,  consisting  of  altemi^ons  of 
sandstones,  shales,  limestones/  and  seams  of  coal,  together  vrith  a 
siliceous  deposit  provincially  known  as  buhratone.  While  the  sand- 
stones  and  shales  were  characterized  in  the  main  by  various  types 
of  carboniferous  fiora,  the  limestones,  the  buhr,  and  in  some  instances 
the  shales,  were  filled  wiHi  types  exclusively  marine.  In  a  yertical 
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range  of  about  700  feet,  he  had  been  able  to  recognize  no  less  than 
ten  alternations  of  marine  and  ten-estrial  organic  remains. 

He  next  proceeded  to  describe,  somewhat  in  detail,  the  character, 
range,  and  extent  of  the  associated  fossils.  The  upper  portion  of  tbe 
Sub-carboniferous  sandstone  was  characterized  by  numerous  remains 
of  Producta  ( some  of  the  species  ranging  high  into  the  true  Coal 
series),  Encrinitest  Pkillipsia,  Spirifer,  and  LtUraria* 

The  Buhrstone,  although  it  attained  a  thickness  of  about  ten  feet, 
was  replete  with  various  forms  of  organic  life,  some  of  which  were 
confined  exclusively  to  it.  Among  them  he  recognized  Streptdaima, 
Plactostylis,  Phragmoceras^  Spirifer,  Producta,  Terebratukif  AJUo- 
risma,  EntrochiteSt  FenesteUa,  and  Polypora. 

The  Cherty  limestone,  in  close  proximity,  contained  Lutrarioi 
Ctfpricardia,  Producta,  Sptrifer,  Chonetes,  Orhicula,  Atrypa,  Lifto- 
rina,  Plactostylis,  Cyathophyllum,  and  Entroc^ites, 

The  next  succeeding  bed,  exclusively  Mrrought  in  the  vicinity  of 
Zanesville,  afforded  the  Spirifer,  Producta,  Atrypa,  Chonetes,  Pecten, 
Terehratuda,  Entrochites,  Polypora,  and  Fenestella.  From  it  had  also 
been  obtained  a  fish  spine,  which,  according  to  Aoassiz,  v^as  a  new 
type,  intermediate  between  Ctenocawthus,  GyracaaUhus  wiAHybodus, 

Ascending  in  the  series,  there  were  three  or  four  beds  of  limestone 
in  which  the  traces  of  organic  remains  were  by  no  means  abundant, 
but  sufficiently  so  as  to  leave  no  doubt  of  their  marine  origin.  A  few 
miles  west  of  Cambridge,  however,  there  waB  a  bed  which  was  highly 
fossiliferous,  yielding  the  following  genera  :  Goniatites,  Atrypa, 
Spirifer,  Producta,  Chonetes,  Terebratula,  and  the  teeth  of  fishes, 
which,  according  to  Aoassiz,  belonged  to  the  genus  Petalodus,  a 
form  allied  to  the  Fort  Jackson  shark. 

Mr.  Foster  remarked,  that  specimens  of  these  teeth  had  been 
shown  him  by  Dr.  Delahater  several  years  ago ;  and  that  within  the 
past  season.  Prof.  Safford  had  procured  a  perfect  specimen  which 
he  exhibited  to  the  section.  This  was  the  first  instance  observed  of 
the  occurrence  of  fish  remains  in  the  Coal  measures  ef  the  United 
States,  and  ought  to  put  geologists  on  their  guard  against  hastily 
inferring  that  they  did  not  exist  in  other  deposits. 

He  next  proceeded  to  remark  on  the  distribution  of  the  marine 
&una.  While  some  of  the  forms,  such  as  the  Producta  sulcata,  Spi^ 
rifer  glaber,  Spirifer  trigonalis,  Chonetes,  Terebratula,  and  Em^ro- 
trochites  kevis  had  a  wide  vertical  range,  some  of  them  ext^iding 
through  the  whole  section ;  others,  for  example  the  StrqadasntOf 
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the  PhragmoceroM  and  the  AUorUma,  did  not  range  much  above  the 
Buhr. 

The  flora  of  this  epoch  was  next  described  ;  among  which,  he  had 
been  able  to  recognize  the  following  genera  :  Stigfnaria,  Spheno- 
phyUum,  Annularia,  A^terophyUitest  Bechera,  Equuetum,  Calamites, 
CydopteriSf  Neitropteris,  Ttmiopteru?,  Pecapterit,  Lepidodendron, 
Cardiocarpan,  Sigillaria  and  Favidariay  and  others  belonging  to 
undetermined  genera.  The  fossil  flora  afforded  a  less  certain  guide 
in  the  identification  of  strata,  than  the  fossil  fauna ;  a  fact  which  may 
be  accounted  for,  on  the  supposition  that  the  atmosphere  which 
encircled  the  earth  during  this  epoch  was  subjected  to  fewer  dis- 
turbances than  the  sea. 

He  next  spoke  of  the  distribution  of  the  Coal  plants.  The  Stig^ 
maria  Jicoides  had  a  wide  vertical  range,  occurring  for  the  mbst  part 
at  the  base  of  the  Coal  series,  and  often  in  a  vertical  position.  Many 
forms  of  the  Pecopterw,  particularly  one  allied  to  P.  serliif  were 
vndely  distributed.  A  Lepidodendron  approaching  L»  acuUatumf 
forming  stems  nearly  two  feet  in  diameter,  occurred  in  the  sandstone 
at  Zanesville.  Other  plants  were  very  restricted  in  their  range  ;  for 
example,  the  Neuropteru  grangeri  had  been  thus  far  found  only  in 
one  locality  at  Zanesville.  He  spoke  of  this  region  as  forming  a  vast 
herbarium  of  the  plants  of  this  epochs  not  shattered  and  abraded, 
but  every  fibre  and  foliation  perfectly  preserved.  From  their  perfect 
state  of  preservation,  and  the  comminuted  materials  in  which  they 
were  enclosed,  as  well  as  the  erect  position  in  many  instances  of  the 
Sigillaria,  he  inferred  that  the  interval  between  the  severing  of  the 
leaf  from  the  parent  stalk  and  its  entombment  in  the  clayey  paste 
must  have  been  brief,  and  attended  with  no  violent  agitations  of  the 
water  equivalent  to  breaker  action,  or  strong-moving  currents. 
While  the  forms  of  organic  life  associated  with  the  limestones  are 
exclusively  marine,  and  those  of  the  sandstones  terrestrial,  .it  fre- 
quently happened  that  both  were  confusedly  mingled  in  the  shales 
succeeding  the  former. 

Mr.  Foster  here  exhibited  a  section  near  Zanesville,  where  the 
remains  of  molluscs  and  corals  were  mingled  with  the  delicate  fronds 
of  the  Neuropteris  and  the  seedvessels  of  fiowerless  plants. 

In  conclusion,  he  adverted  to  the  probability  of  the  proximity  of 
large  tracts  of  land  at  this  period,  and  of  its  repeated  submergence, 
or  unequal  tilting,  by  which  the  sea  was  enabled  to  extend  its  do- 
minion over  large  areas,  and  the  drainage  of  the  subaSrial  portions 
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was  changed.  In  no  otber  waj  coald  we  Mtis&ctorilj  explain  the 
mingling  of  terreetrial  and  marine  life.  This  submergence,  it  is  ia* 
ferred,  was  gradual,  since  there  were  no  conglomerate  bands  above 
the  base  of  the  coaL  The  cross-ttratificatton  conspicuously  displayed 
in  the  sandstones,  and  the  coarse  grains  conscitutiiig  the  maiS8»  would 
point  to  the  existence  oi  ooeanie  currents  recarraig  aft  fiequeot 
intervals. 


^6.      REHARKfl   UPON  Tflfe   F088IL8   OF  THE   PoTSDAM  SAlfDSTOlfK. 

By  Prof  Jambs  Hall. 
[  Not  received.] 


27.  On  t^  Vegetation  of  the  Infrah^arbonifbrovs  Rocks  or 
Pennsylvania,  and  a  Description  of  a  New  Genus  op 
Fossil  Plants.    By  Prof  H.  D.  Rogers. 

[  Not  received.] 


28.    On  some  Fossils  of  Northern  Ohio.    By  Professor  J. 
Brainbrd,  of  Cleveland. 

To  Pro!  Loms  AaAni^  President  of  the  American  AssooiatioB  for  th«  AdTmmet- 
ment  of  Seience. — Albany  Meetings  Angiut  1861. 

DEAR  BIB: 

Permit  me  to  call  the  attention  of  those  members  of  the  Aseocifition 
who  feel  an  interest  in  the  subject  of  geology,  to  the  group  of  fiiasilB 
herewith  presented  for  examination.  The  locality  from  vHuAb  these 
specimens  were  taken  is  one  of  considerable  interest,  from  tiie  &ct 
that  a  number  oifouU  Juihes^  supposed  to  belong  to  a  new  species, 
have  there  been  obtained. 

The  geographical  location  is  in  the  southeast  part  of  CuyidiogR 
county,  Ohio,  at  the  village  of  Chagrin-Falls,  and  about  eigfateen 
mUes  southeast  of  Cleveland^  The  elevation  above  Lake  Erie  is 
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about  three  hundred  fbet  The  geological  position  may  perhaps  be 
beet  defined,  by  reference  to  the  extensive  formation  of  conglome* 
rate  (qnart^  pebble-rock)  which  underlies  the  coalfields  of  Ohio. 
This  extensive  landmark  in  geology  is  found  cropping  out  in  a  bold 
Muff,  to  the  northeast,  east  and  southeast,  a  mile  or  two  distant,  and 
is  about  two  hundred  feet  higher  in  the  series  than  the  stratum 
which  yields  these  fossils. 

The  intermediate  space  between  the  fossiliferous  bed  and  the 
conglomerate  is  occupied  chiefly  by  black  slate  like  that  in  the  spe* 
cimens,  argillaceous  shale,  and  thin  beds  of  hard  fine-grained  sand- 
stone. The  shale  which  Hes  above  die  position  of  the  accompanying 
fessils,  is,  very  nearly,  if  not  quite,  destitute  of  organic  remains ; 
though  some  faint  traces  of  fossils,  apparently  apineg,  of  half  an  inch 
or  more  in  length,  have  been  discovered  near  the  conglomerate,  in 
the  township  of  Russell,  about  two  miles  northeast  of  Chagrin-Falls. 

That  portion  of  the  shale  which  contains  the  fossils  is  about  two 
inches  in  thickness,  and  lies  in  immediate  contact  with  a  stratum  of 
grindstone  grit,  in  beds  of  various  thickness  ranging  from  half  an 
inch  to  two  feet,  generally  separated  by  thin  partings  of  clay.  The 
surface  of  these  beds  is  generally  covered  with  rippU-markB.  In  one 
of  the  partings,  the  surface,  over  a  large  extent,  appears  to  be  very 
finely  marked  with  rain  drops,  specimens  of  which  are  herewith 
presented.  Other  surfaces  are  completely  covered  with  a  network  of 
markings,  similar  to  those  made  by  soft  worms  upon  the  surface  of 
the  mud  of  a  drying  pool  of  water. 

In  this  quarry  were  found  the  fossil  fishes  which  were  presented 
for  examination  at  the  meeting  of  the  Association  in  May  last,  at 
Cincinnati.  The  dip  of  the  rock  at  this  place  is  southeast,  seventeen 
inches  in  one  hundred  feet. 

So  far  as  I  can  learn,  the  Lingula  dongata  and  Orhicula  have  not 
been  discovered  in  any  other  portion  of  the  State,  in  this  formation 
(  black  slate ) ;  and  their  presence  in  this  location,  being  so  weU 
marked  in  regard  to  geological  position,  may  perhaps  aid  in  the 
classification  of  the  series  in  Ohio,  with  those  of  like  formation  in 
the  State  of  New-York. 

There  is  one  fossil  in  the  accompanying  group,  to  which  I  par- 
ticularly desire  to  call  attendon.  This  may  be 
familiar  to  some,  though  I  have  never  had  the 
good  fortune  to  see  one  from  any  other  locality. 
Those  which  I  have  examined  are  quite  uniform 
20 


mill  llwMiHillillillflftuZ 


Digitized  by 


Google 


C.  GEOLOGY  AND   PHYSICAL  GEOOSAPHY. 

in  size,  rarying  from  half  an  inch  to  three-quarters  or  an  inch  in 
length,  and  from  one-quarter  to  three-eighths  of  an  inch  in  width,  and 
gradually  tapering  to  a  point.  A  longitudinal  line  or  depreasion 
extends  the  whole  length,  dividing  the  body  into  two  equal  lobes,  not 
unlike  those  in  the  trilobite.  The  body  of  the  fi)ssil  is  rihhtd^  with 
slightly  curved  elevations  and  depressions,  having  the  concavity  of 
the  line  towards  the  smaller  part  of  the  body. 

From  a  careful  examination,  I  have  been  thus  far  unable  to  detect 
any  other  parts  than  those  here  described. 

The  partings  of  the  shale,  where  these  fossils  are  found,  seem  to 
indicate  that  the  animal  to  which  it  belonged  possessed  a  shelly 
covering  of  very  delicate  texture,  similar  to  that  of  the  LimguU 
eUmgata  and  Orbictdaf  which  were  its  living  companions. 

CixnLuxi},  August  IS,  1851.  J£HU  BEAINEBD. 


29.    Rbmabks  ufon  the  Fossil  Corals  ob  the  Genus  Favosfrs, 

AND   ALLIED   FoSSIL   GeNERA   FaVISTELLA,    AsTIOCERIUM,    AND 

OTHERS.    By  Pro£  James  Hall. 

[  Not  received!] 


30.    On  some  Reptilian  Footmarks  of  the  Infra-carbonifebous 
Red  Shale  of  Pennsylvania.    By  Prof.  H.  D.  Rogbbs. 

[  Not  received,"] 


31.    On  the  Palaozoic  Genera  Trematopora,  Cellbpoba,  &c. 
By  Prof.  James  Hall. 

[  Not  received^ 


32.  Tbacks,  Tbails,  &c.  in  the  Shales  and  Sandstones  of  thi 
Clinton  Gbovp  fbom  Green  Bat;  with  Rbmabks  on  tbi 
thinning  out  and  reafpearino  of  this  portion  of  tub 
Clinton  Group.    By  Prof.  James  Hall. 

[  Not  received.] 
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D.  NATURAL  HISTORY,  INCLUDING  PHYSIOLOGY, 

L   BOTANY. 

1.    On  two  New  Species  of  Juolans.    By  Dr.  John  Torrey. 
[Not  received,] 


2.    On  the  Chbnopodiacea  of  North  America.    By  Dr.  John 

Torrey. 

[  Not  received,] 


XL   ZOOLOGY. 

3.  Points  in  the  Economy  of  the  Setentebn-year  Locust 
f  Cicada  septemdecimjf  bearing  upon  the  Plural  Origin  and 
Special  Local  Creation  of  the  Species.  By  Dr.  W.  J. 
Burnett,  of  Boston. 

The  more  we  investigate  the  essential  structures  of  animals,  and 
the  more  extensive  our  knowledge  of  their  hahits  and  conditions  of 
beingy  the  more  does  one  become  impressed  with  the  close  relations 
existing  between  them  and  their  outward  conditions  of  life.  Our 
faith  in  an  adaptability  of  animals  generally  to  the  external  agen- 
cies of  the  world,  is  lessened ;  while  our  belief  that  the  unison  of 
their  lives  with  these  agencies  is  not  with  them  a  matter  of  expe- 
rience, is  strengthened. 

A  careful  analysis  of  these  conditions  has  led  some  to  believe  in 
the  special  creation  of  the  separate  faunas  in  the  localities  in  which 
they  are  found.  In  a  comprehensive  article  published  some  time 
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Buice»  Prof.  A0A88IZ  baa  traced  the  various  phases  under  which  this 
question  may  be  considered ;  and  in  it  may  be  found  excellent  rea- 
sons for  the  particular  creation  of  each  fauna^  in  its  immutability 
through  any  period  of  time.  A  question  allied  to  this,  but  based 
upon  a  different,  and,  perhaps,  more  enlarged  view  of  life,  is  the  one 
of  the  primitive  numbers  of  each  species.  In  this  we  call  to  our  aid 
embryology,  and  its  allied  branches ;  but  the  influences  which  civi- 
lization has  wrought,  both  directly  and  indirectly,  upon  the  ratio  of 
mortality  of  animal  life,  affect  much  the  validity  of  our  conclusions. 
Nevertheless  the  general  tenor  of  all  such  inquiries  is  to  show  that 
the  number  of  each  species  must  have  been  pretty  near  that  which 
we  find  in  its  natural  and  undisturbed  state,  instead  of  a  single  pair, 
as  otherwise  viewed.  In  a  locality,  the  natural  relations  of  which  to 
animal  life  have  not  been  disturbed  by  the  agencies  of  man,  we  have 
a  right  to  infer  that  the  present  existing  state  of  destructive  elements 
of  life  is  a  fair  expression  of  the  past,  and  also  that  the  present  rate 
of  the  mortality  of  a  species  is  that  to  which  it  has  been  subjected 
during  past  times. 

I  conceive  that  if  we  cannot  infer  this,  when  we  have  no  evidence 
of  any  changes  in  the  general  economy  of  nature  at  that  locality, 
we  cannot  infer  anything  of  the  zoological  condition  of  the  past 
Besides,  the  comparatively  limited  term  of  human  experience  justi- 
fies such  view,  which  has,  also,  a  still  more  worthy  ground  of  sup- 
port in  the  comparison  of  the  animal's  fiscundity  with  its  natural 
liabilities  of  mortality.  If,  in  a  term  of  human  experience  of  one 
hundred  or  a  thousand  years,  the  natural  prolioity  of  any  well-known 
species  only  keeps  pace  with  its  relative  mortality,  so  that  the  num- 
ber of  that  species  at  the  end  of  that  time  b  about  the  same,  it  is 
very  difficult  to  comprehend  how,  even  with  species  of  limited  num- 
bers, the  same  power  of  prolicity  could  enable  a  single  pair  to  read 
the  present  numbers  under  any  existing  climate  of  the  earth. 

Were  it  so,  we  should  expect  to  find  a  very  correct  ratio  subsid- 
ing between  the  present  members  of  any  undisturbed  species,  and 
its  powers  of  reproduction.  But  since  attention  has  been  called  to 
the  subject,  and,  with  matiy  of  the  lower  animals,  the  ova  counted, 
not  only  is  there  no  reason  fi)r  supposing  that  such  relation  is  pre- 
sent, but  in  many  instances  the  very  opposite  is  true ;  a  fact,  of  the 
the  truth  of  which  I  have  lately  been  the  more  and  more  convinced, 
firom  counting  the  ova  of  many  insects,  and  compimng  the  result 
with  their  well-known  habits  and  conditions  of  life. 
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The  value,  however,  of  such  zoological  phenomena,  bearing  aa 
they  do  against  the  ordinary  opiniona  of  the  primitive  condition  of 
animal  life,  strike  different  minds  with  different  force,  according  to 
the  strength  and  tenure  which  their  preconceived  views  may  have 
on  their  minds.  There  are  examples  in  which  their  appears  no  escape 
from  conclusions  of  this  character ;  and  although  I  might  detail 
many  taken  from  the  ranks  of  lower  animals,  yet  from  its  well- 
marked  character,  and  recent  occurrence,  I  select  that  furnished  in 
the  Sevrnteen^year  Locust,  as  the  subject  of  this  paper. 

The  present  year  ( 1851 )  may  be  noted  as  containing  an  episode 
of  insect  life  of  more  than  ordinary  interest  and  value  ;  for  in  it  has 
occurred  the  grand  appearance  of  the  locust.  The  zoological  value 
of  such  an  event,  I  deem  very  great ;  and  more  especially  so,  be- 
cause, since  their  last  appearance,  many  changes  in  our  views  of 
animal  life  have  taken  place. 

The  regularity  and  promptness  with  which  this  insect  appears,  at 
the  end  of  an  interval  of  seventeen  years,  is  well  known  in  science* 
Justly  does  it  excite  our  astonishment  that  the  conditions  of  its 
economy  should  be  so  unique.  During  the  last  two  or  three  times  of 
its  appearance,  its  habits  and  peculiarities  of  life  were  quite  tho- 
roughly  investigated.  I  need  not  therefore  allude  to  them,  except  so 
fiur  as  they  touch  our  subject 

During  the  last  of  May,  I  had  the  good  fortune  to  witness  their 
grand  appearance  in  the  interior  of  Pennsylvania.  They  came  forth 
in  their  usual  and  almost  incredible  number,  and  a  fine  opportunity 
was  given  me  to  learn  something  about  their  conditions  of  life.  The 
insect  appears  in  its  perfect  or  imago  condition  simply  for  the  pre- 
servation of  its  species  :  its  period  of  life  in  this  state  is,  therefore, 
quite  brief  Both  male  and  female  go  about  their  functions  immedi- 
ately on  escaping  the  earth,  after  which  they  die.  Their  existence  is 
therefore  almost  entirely  subterranean,  and,  considering  the  depth  to 
which  they  descend,  almost  as  isolated  from  the  agencies  of  civiliza- 
tion as  those  of  the  tenants  of  the  ocean.  It  appeared  evident,  from 
what  I  saw  of  their  movements,  that,  unless  swept  away  by  violent 
currents,  they  remain  generally  in  the  locality  of  their  birth ;  so 
that  the  comers  of  this  year  may  properly  be  said  to  be  the  linear 
descendants  of  those  which  there  appeared  fifty  or  more  years  since. 
This  is  important,  as  to  our  determining  whether  or  not  they  really 
increase  in  numbers. 

I  made  strict  inquiries  of  several  men  who  had  witnessed  this 
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their  fourth  appearance  through  the  same  tract  of  country,  and  their 
replies  always  were  that  they  did  not  think  their  numbers  to  vary 
materially  either  way.  Being  men  of  sense  and  farmers,  I  thought 
them  able  to  judge  of  this  matter,  since  they  regard  the  ravages  of 
thu  insect  with  no  common  eye.  We  will  now  look  a  little  to  its 
powers  of  reproduction. 

The  female  has  about  500  eggs,  which,  from  certain  relations  of 
the  other  sex,  which  I  have  made  out  microscopically,  are  probably 
all  or  nearly  all  fecundated.  We  have,  then,  for  every  two  indivi- 
duals which  have  appeared  this  year,  a  deposit  of  500  embryos  for 
the  generation  to  appear  seventeen  years  hence. 

Now,  from  what  has  just  been  stated  about  the  uniformity  of  their 
numbers  each  time,  it  appears  that  from  the  liabilities  of  destruc- 
tion during  the  long  term  of  seventeen  years,  out  of  these  500 
embryos,  only  two  appear  certain  of  life  and  appearance  in  their 
perfect  state;  that  is,  just  replacing  the  two  parents.  The  chances 
of  life,  therefore,  with  this  insect,  are,  in  round  numbers,  two  in 
five  hundred.  This  calculation  may  seem  strange  to  some;  but  if  we 
reflect,  it  can  scarcely  be  otherwise;  for  suppose  the  chances  were 
double,  that  is,  4  in  500,  then  we  should  have  at  each  time  just 
double  the  numbers  of  their  last  time,  which  observation  has  shown 
to  be  untrue,  and  which  would  augur  much  evil  for  the  future  con- 
dition of  the  vegetable  world  in  the  localities  of  their  appearance. 
Even  if  their  chances  were  three  in  five  hundred,  or  half  again  the 
original  stock,  agriculturists  would  quickly  perceive  the  difference. 

To  sum  up  the  matter,  then,  we  have  here  an  insect  whose  ecoBo> 
my  and  conditions  of  life  are  so  unique  that  it  is  almost  entirely 
isolated  from  human  destructive  agencies,  and  which  is  obliged  to 
deposit  500  chances  for  the  certainty  of  securing  two.  The  ovaries 
have  been  formed  with  this  capacity,  and  the  whole  internal  econo- 
my is  of  a  corresponding  character. 

From  these  data,  we  can  draw  two  valuable  conclusions  :  1st,  The 
evidences  of  design  in  nature,  in  thus  balancing  numbers  against 
chances  of  mortality  for  the  preservation  of  the  species ;  2d]y,  The 
plural  origin  of  this  species,  instead  of  firom  a  single  pair.  In  the 
first,  such  evidence  I  regard  of  the  highest  zoological  character,  and 
quite  free  from  many  of  those  objections  belonging  to  analogous 
evidence  generally.  As  to  the  second,  it  is  quite  difficult  to  conceive 
how  the  present  myriads  could  have  arisen  from  a  single  pair,  even 
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if  tbeir  chances  of  life  were  Increased  20  or  30  per  cent,  which  we 
cannot  believe  possible  with  the  present  climate  of  the  earth. 

Regarding  then,  these  insects  from  these  data  as  a  special  local 
creation,  and  whose  orignal  numbers  were  nearly  as  at  present,  we 
find  the  same  view  supported  by  different  grounds.  I  refet  to  the 
fact  of  the  different  years  in  which  they  make  their  appearance  in 
different  portions  of  the  country. 

Although  during  the  present  year,  and  the  past  ones  divisible  by 
the  number  17,  have  been  those  of  its  greatest  appearance,  yet  the 
appearance  of  smaller  numbers  at  different  years  has  been  noticed 
in  various  or  even  in  the  same  portions  of  country.  In  the  southern 
portion  of  New-England,  different  parcels  have  appeared  at  irregu- 
lar periods ;  and  in  some  of  the  Middle  States,  there  are  localities 
that  have  four  distinct  appearances  of  this  insect.  Now,  as  there  is 
no  evidence  for  our  thinking  that  they  are  ever  unfaithful  in  their 
time,  appearing  at  the  end  of  a  longer  or  shorter  interval  than  seven- 
teen years,  we  are  forced  to  the  belief  of  not  only  their  special  lo- 
cal creations,  but  special  creation  at  different  periods  in  the  same 
locality.  The  ground  of  such  inferences  is,  I  think,  equally  as  tena- 
ble as  much  in  geology  and  palaeontology,  and  certainly  is  in  ac- 
cordance vnth  many  of  the  recognized  principles  of  zoological 
science. 

I  cannot  dismiss  the  subject,  without  expressing  the  wish  that 
studies  of  this  kind  may  be  prosecuted  in  every  direction  through- 
out the  Animal  Kingdom  ;  for  thence  we  can  expect  results  which 
will  be  not  only  new,  but  serve  to  illustrate  some  of  the  highest  and 
most  important  relations  animals  sustain  to  the  surface  of  our  globe. 

Prof.  Haldeman  observed  that  a  period  of  three  years  had  been 
ascribed  to  cicadas  of  Europe,  but  that  such  a  great  difference  be- 
tween different  species  was  very  unlikely.  He  suggested  the  pro- 
priety of  investigating  the  period  necessary  to  mature  the  egg.  He 
then  alluded  to  the  difference  of  the  musical  organs  in  different 
species. 

Mr.  GrOADBY  inquired  if  the  fecundity  of  the  C  septemdecim  was 
considered  a  peculiarity  to  meet  the  contingencies  of  long  existence, 
and  spoke  of  the  general  fecundity  observed  among  insects. 

Mr.  Haldeman  said  that  the  fecundity  of  butterflies  was  re- 
pressed by  ichneumonidae,  etc.  The  Cicada  had  an  enemy  in  the 
mole,  burrowing  to  the  places  oocapied  by  the  larvae.  He  con- 
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udered  that  the  irregular  appearance  of  the  insect  was  owing  to 
the  overlapping  of  adjoining  diBtricta,  and  that  this  irregalarity  waa 
an  argument  for  the  modem  origin  of  the  animal,  and  that  these 
irregularities  would  finally  disappear  wlien  the  districts  overlapped 
perfectly. 

Prof.  AoAssiz  said  that  the  suhject  opened  a  new  field  concerning 
the  introduction  of  animals,  and  alluded  to  the  fact  that  the  Qordiu$ 
was  obliged  to  produce  1000000  ova  to  continue  the  species. 


4.    On  the  Habits  of  tbb  Wbalk.    By  Lieut.  M.  F.  Mavrt, 

U.S.N. 

[  Nat  received,] 


5.    On  A  New  Ttpi  of  Gknsbation  obsbrved  among  Mbdvsjl 
By  Pro£  L.  Aoassiz. 

[  Not  received.] 


6.      MONOORAFH  OF    THE   GeNERA  DySNOMIA  (Ag.),   CoifFLANABIA 

(Sw.)»  LAMPSiLia  (Raf.);  wrrn  General  Remarks  oh  tbe 
other  Genera  of  Naiades.    By  Pro£  L.  Aoassiz. 

[  Not  received.] 


7.    Relations  of  Embryology  and  SpERMATOLooy  to  Animal 
Classification.    By  Dr.  W.  J.  Burnett,  of  Boston. 

As  it  is  in  adult  life  only  that  we  have  the  complete  maturity  of  the 
characteristics  which  belong  to  the  animal,  it  is  to  this  stage  of  ex* 
istence  that  we  naturally  turn  to  form  a  basis  of  a  correct  animal 
classification.  However  sufficient  this  mode  may  be  for  detetminiiig 
the  peculiaritieB  of  each  individual  of  itseli^  yel  vre  are  oonstandy 
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noticiDg  here  the  want  of  data*  by  which  the  relations  of  each  ani- 
mal to  othera  can  be  satisfactorily  made  out ;  or,  if  I  may  use  a 
figure  for  expression,  I  would  say  that  it  is  necessary  to  refer  to  the 
various  paths  by  which  different  individuals  pursue  their  course,  to 
learn  th^ir  natural,  affinities  and  relations,  which,  when  they  have 
reached  their  journey's  end,  seem  much  obscured,  or  to  have  par- 
tially passed  away.  Within  a  few  years,  considerable  of  this  required 
aid  has  been  found  in  embryology ,  the  details  of  which  have  now  be- 
come sufficient  to  warrant  its  consideration  in  this  respect.  As  will 
be  seen,  I  hav<9  proposed  to  bring  in  for  aid  the  value  of  studies  in 
the  counterpart  science,  gpermaUAogy ;  and  this  aid  I  hope  to  show 
as  being  both  direct  and  indirect  :  direct,  from  its  own  data ;  and 
indirect,  as  illustrating  the  error  of  some  impressions  we  are  likely 
to  receive  from  the  pursuit  of  embryology  alone. 

The  value  of  embryology  here  originated  with  the  fact,  which  we 
often  recognize,  viz.  the  constant  succession  of  types  in  the  animal 
kingdom ;  not  a  succession  by  transition,  but  a  succession  by  crea- 
tion. Like  most  new  doctrines,  it  has  had  the  fault  of  being  used  to 
cover  too  much  ground ;  many  laboring  under  the  very  mistaken 
idea,  that  herein  might  be  found  the  key  to  all  discrepancies  in  classi- 
fication. 

The  greatest  benefit  of  embryology  appears  to  have  been  in  point- 
ing out  the  four  fundamental  types  of  development,  and  by  showing 
that  these  are  successive,  though  distinct. 

Prof  Agassiz,  in  a  recent  course  of  lectures,  has  well  illustrated 
this  point,  and  many  of  its  bearings ;  but  upon  the  details  of  the 
subject,  we  are  obliged  to  put  a  somewhat  varied  construction. 

In  studying  the  development  of  embryonic  formsr  we  not  unfre- 
quently  see  peering  through  the  particular  form,  faint  appearances 
of  other  types,  belonging  generally  to  allied,  though  sometimes  to 
distant  species. 

This  I  cannot  better  illustrate  than  by  referring  to  the  excellent 
example  Prof.  Agassiz  has  pointed  out,  which  is,  that  in  the  early 
development  of  a  robin,  it  is  first  a  palmipede,  and  then  an  inseuo- 
rial;  in  other  words,  in  this  insessorial  bird,  the  palmipede  type 
peers  out.  Other  instances  might  be  quoted,  having  the  same  import. 
Now  what  construction  are  we  to  put  upon  these  phenom^ia  1  Shall 
we  say  that  the  palmipede  is  closely  related  to  the  insessorial  bird ; 
or  that  in  the  successive  appearance  of  the  birds  upon  the  earth,  the 
defi'footed  sprang  out  o£  or  are  only  a  further  development  of  the 
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web-footed  species  %  Both  of  these  have,  I  think,  a  negative  answer. 

But  there  is  another  view  of  the  case,  rather  more  in  accordance 
with  our  ideas  as  to  the  nature  of  animal  types,  and  which  I  have 
also  found  suppoited  by  my  spermatological  studies  :  it  is,  that  there 
has  been  a  succession,  by  distinct  creation,  of  types  in  nature  ;  and 
that  wherever  these  instances  occur,  those  animals,  the  type  of  which 
were  shadowed  in  the  developing  embiyo,  existed  on  the  earth  be- 
fore the  latter.  That  is,  to  again  recur  to  the  palmipede  type  in  the 
embryo  of  the  robin,  this  fact  shows  as  much  as  any  in  zoology  can, 
that  palmipedes  were  created  before  the  cleft-footed  birds  :  for,  if  I 
may  be  permitted  the  use  of  the  figure,  Nature  seems  to  be  always 
retrospective  rather  than  prospective  in  her  works;  and  in  the 
gradual  development  of  the  higher  forms,  she  not  unfrequently 
shows  that  she  has  in  former  times  wrought  also  in  lower  types  ;  the 
remembrance,  as  it  were,  of  the  latter,  often  recurring  in  the  perfect 
development  of  the  former.  This  is  perhaps  the  reason  why,  in  em- 
bryology, in  the  development  of  the  lower  forms,  the  higher  types 
are  never  prefigured. 

These  views  are  certainly  at  variance  with  that  of  transitional 
development ;  and  beyond  what  I  have  just  stated,  I  do  not  think 
they  have  any  signification,  but  must  be  regarded  as  simple  facts  in 
zoology.  This  I  hope  to  more  fully  illustrate  when  speaking  of 
another  branch  of  the  subject. 

But  if  we  are  thus  sometimes  fortunate  in  embryological  studies 
to  learn  the  lower  out  of  the  higher  type,  and  also  in  recognizing 
their  relations  as  to  time  of  creation,  it  is  far  from  being  always  the 
case  :  in  fact,  something  of  the  opposite  may  be  said  to  exist ;  that 
is,  even  the  particular  type  of  the  animal  itself  does  not  appear  until 
the  very  last  stages  of  development.  This  has  been  well  illustrated 
in  some  recent  writings  of  Milnc-Edwards  on  the  development 
of  the  Terehelia ;  for  in  them  their  distinct  specific  types  seemed 
buried  in  one  general  form,  and  did  not  appear  until  the  development 
was  nearly  complete.  I  have  noticed  the  same  in  many  insects  :  in 
fact,  I  think  you  may  take  any  geniu  of  insects,  and  the  specific 
differences  will  not  be  apparent,  not  only  during  their  oval,  but 
during  a  large  portion  of  their  larval  existence.  In  some  instances 
this  will  hold  even  with  famiUeB.  But  these  phenom^ia  belong,  I 
think,  to  those  animals,  whose  period  of  development  is  marked  by 
a  succession  of,  as  it  were,  new  births,  or  a  constant  series  of  meta- 
morphoses. 
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Among  tbe  Medustg,  more  than  elsewhere  perhaps,  have  the  data 
fbmished  by  embryology  been  of  service  in  determining  the  true 
relation  of  forms ;  for  here^  lower  types  in  full  are  so  shadowed 
forth,  that  at  first  they  might  appear  only  as  arrested  developments 
of  the  higher.  In  the  same  category  belong  the  phenomena  of 
*«  alternation  of  generations,"  as  shown  by  Stbenstrupp  and  others. 
But  in  all  these  cases  we  must  be  positive  as  to  what  constitute,  in 
developing  forms,  typical  characteiistics ;  for  I  think  that  many 
errors  as  to  the  value  of  embryological  data,  have  arisen  from  a 
misinterpretation  in  this  respect. 

We  will  take  for  instance  the  class  of  insects  :  we  have  among  them 
an  order  Coleopterat  which  is  mandibulate  in  both  its  larval  and  imago 
conditions ;  we  have  also  an  order  Lepidaptera,  which  is  mandibulate 
in  its  larval,  and  suctorial  in  its  imago  condition.  Now  from  these  facts 
are  we  to  affirm  that  the  order  Lepidoptera  is  in  advance  of  that  of  the 
Coleoptera;  or  rather  that  the  larval  condition  of  the  former  corres- 
ponds to  that  of  the  imago  of  the  latter  1  In  my  opinion  we  cannot, 
any  more  than  we  can  refer  its  application  to  any  other  of  the  man- 
dibulate Articulata  ;  the  oral  organs  alone  not  forming  any  permanent 
basis  of  classification  among  the  Articulata,  as  daily  experience  is 
constantly  showing.  We  cannot,  therefore,  regard  these  organs  as 
entering  at  all  into  the  composition  of  the  grand  type  of  the  animal. 
Still  further  will  I  say,  that  although  these  different  orders  of  hexa- 
pod  insects  have  been  included  in  a  single  class  from  the  uniformity 
of  their  metamorphotic  changes,  yet  strictly  they  should  be  viewed 
as  almost  different  classes ;  and  in  putting  any  signification  upon 
their  embryological  results,  we  can  apply  them  only  in  the  order  in 
which  they  are  found.  For  instance,  in  studying  the  Lepidoptera, 
there  may  be  gathered  data  which  will  serve  us  in  better  compre- 
hending the  succession  of  creation  of  family  and  other  types  in  this 
order;  but  these  data  have  but  little  value  when  applied  to  the 
Coleoptera,  or  any  of  the  other  orders.  We  shall  soon  see  that 
spermatology  supports  this  view. 

On  the  whole,  then,  the  aid  furnished  by  embryology  towards  a 
true  classification  of  animals,  is  in  its  showing  where  there  has  been 
a  succession  rather  than  an  affinity  of  typical  forms  ;  where  there 
has  been  a  series,  rather  than  an  affiliation  of  development.  Of  course, 
this  restricts  its  value  within  that  of  dosses  or  orders;  and  I  am  of 
the  opinion  that  any  broad  generalizations  made  upon  the  phenome- 
na thus  observed,  cannot  be  valid.  If,  in  examining  the  paths  which 
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particular  Bpeciea  have  trodden  to  reach  their  perfect  condition,  we 
are  able  to  learn  much  about  their  natural  rdiationsf  we  cannot  be 
too  careful  with  such  knowledge,  as  to  our  inferences  of  the  condi- 
tion of  other  paths  which  we  have  never  seen. 

In  spermatology  the  data  are  of  a  different,  and,  in  my  opinion, 
more  reliable  character.  In  embryology,  we  get  our  data  from  forms 
then  in  the  process  of  development ;  and  as  many  of  the  character- 
istics of  these  are  often  transient,  we  are  Hable  to  error  from  misin- 
terpretation. In  spermatology,  on  the  other  hand,  the  data  are 
derived  from  a  perfectly  developed  form,  and  which  is  the  repre- 
sentative of  the  potential  whole  of  the  species.  As  I  have  said  in 
another  place,  it  is  to  the  male,  what  the  matured  offspring  is  to  both 
the  male  and  female.  The  spermatozoon  is  the  most  elementary 
material  form  in  which  type  characteristics  are  shadowed  forth  :  it 
approaches  nearer  the  immaterial  type  itself  than  any  other  particle 
of  organic  matter  with  which  we  are  acquainted.  I  have  therefore 
thought  that  differences  in  its  material  shape  and  form  should  be 
entitled  to  considerable  value  in  determining  the  relaiiims  nndajun- 
ties  of  organised  beings ;  and  while  it  is  constantly  showing  that 
there  have  been  distinct  creations  of  types,  it  is  of  no  value  in  point- 
ing out  their  relative  succession.  In  these  respects,  it  will  be  seen 
that  the  position  it  occupies  to  classification  is  the  inverse  of  that  of 
embryology ;  and  so,  by  the  putting  of  both  of  them  together,  we 
derive  all  possible  aid  in  this  direction. 

But  that  the  matter  may  be  the  better  comprehended,  I  will  state 
a  few  general  conclusions  at  which  I  have  arrived  in  the  study  of 
this  subject. 

1.  The  spermatozoon  is  the,  and  the  only,  fecundating  particle 
in  the  seminal  fluid. 

2.  It  is  perfectly  formed  only  in  animals  capable  of  reproduction  ; 
being  absent  in  those  very  old  or  very  young,  and  in  hybrids. 

3.  Each  species  has  one  form  only,  which  is  constant  and  invaria- 
ble. 

These  conclusions  will  serve  as  our  groundwork.  It  may  be  asked, 
if  each  species  has  a  particular  form,  by  which  it  can  always  be  re- 
cognized ?  This  question  has  a  twofold  answer,  both  positively  and 
negatively ;  but  mostly  negatively,  for  generally  the  differences  do 
not  extend  as  far  down  as  species.  For  nearly  two  years,  I  have 
been  at  work  to  learn  the  determinate  value  of  mere  form,  size  and 
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shape ;  in  this  relatioD,  going  through  all  the  avfliilkble  species  of 
a  genus  or  general  and  making  careful  drawings  and  measurements 
of  each.  One  of  the  conclusions  which,  from  such  investigations,  I 
have  been  able  to  draw,  is,  that  throughout  a  genus,  the  generic 
type  of  the  spermatozoa  does  not  vary  either  in  mode  of  forma-. 
tion  or  physical  aspect ;  that  is  to  say,  although  in  widely  separated 
species  there  may  be  difference  in  mere  sise,  etc.,  yet  the  main  type 
xemains. 

From  this  fact,  I  have  been  led  to  conclude  that  when  a  deviation 
from  the  main  type  is  found,  the  species  in  which  this  is  found  must 
be  separated  from  the  others  with  which,  in  classification  from  other 
data,  it  has  been  placed.  I  am  happy  to  be  able  to  say,  however, 
that  rarely  or  never  do  the  main  characteristics  and  the  peculiarities 
of  the  spermatozoa  conflict  :  on  the  other  hand,  they  form  gene- 
rally a  mutual  support.  Their  great  value  lies  not  only  in  showing 
what  may  be  considered  fundamental  differences  in  their  separation 
into  genera  and  species,  but  also  in  attesting  the  complete  isolation 
from  each  other,  of  these  genera  and  species ;  it  being  impossible 
that  their  affinities  of  structure  should  have  ever  been  the  result  of 
a  transitional  development. 

But  there  is  another  fact  deserring  of  mention,  before  I  speak  of 
special  forms  :  it  is  that  the  higher  we  ascend  in  the  scale  of  de- 
velopment, the  more  varied  are  the  types  ;  so  that  among  Manmia- 
lia  we  ofien  meet  with  wide  differences  of  these  particles,  with  dif- 
ferent genera  of  the  same  family ;  whereas  in  corresponding  genera 
of  a  family  among  the  Invertebrata,  the  differences  are  exceedingly 
slight,  and  difficult  to  be  perceived.  I  consider  this  fact  of  considera- 
ble importance  as  bearing  upon  the  doctrine  of  the  succession  of 
distinct  types  of  animals,  and  the  intervals  of  their  creation. 

My  confidence  in  the  truth  and  value  of  these  essential  points  I 
do  not  find  to  be  otherwise  than  strengthened  by  daily  experience  ; 
BO  much  so,  in  fact,  that  I  foel  justified,  in  many  instances,  in  dis- 
placing some  genera  and  species  from  positions  they  have  occupied 
from  other  data. 

[Here  followed,  in  the  original  paper,  illiutrations  of  these  doctrine^  taken 
from  every  department  of  tQ;e  animal  kingdom.  But  it  has  been  thought  proper 
to  omit  here  all  these  epeeiat  descriptions  of  spermatic  particles,  not  only  because 
the  subject  is  yet  incompletely  but  also  because  I  hope  soon  to  publish  them  else- 
where, with  figures ;  and  Without  which,  the  typical  distinctions  here  insisted 
npon  would  not  be  recognised.  ] 
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Taking  now  a  retrospective  view  of  the  whole  subject,  we  see 
that  in  spermatology,  although  there  is  a  tendency  towards  an  uni- 
formity of  type  throughout  the  animal  kingdom,  yet  in  its  grand 
divisions  it  has  a  distinctness  of  physical  character  and  mode  of 
development  only  reconcilable  with  the  view  that  they  appeared 
upon  the  earth's  surface  by  separate  and  special  JiaU  of  the  Deity ; 
and  not  only  would  this  view  be  entertained  in  regard  to  grand 
divisions,  but  would  extend  even  to  classes  and  families.  It  may  be 
asked  if  there  is  any  evidence  how,  or  in  what  condition  they  ap- 
peared. The  answer  would  be  from  data  of  this  kind,  that  they 
were  created  as  adulu.  For,  did  all  the  animals  primitively  exist 
as  ova,  this  would  presuppose,  beside  it,  a, fecundating  power,  which 
we  have  seen  to  exist  only  in  the  spermatozoa,  and  which  have  thdr 
origin  from  a  peculiar  cell  development.  Now  as  it  is  the  material 
representation  of  the  potential  whole  of  the  male,  it  appears  that, 
from  this  and  its  mode  of  development,  it  should  spring  from  the 
male,  rather  than  the  male  from  it ;  and  if  we  consider  the  minute- 
ness of  their  size,  there  would  be  many  difficulties  attending  their 
first  fecundation.  But  if,  however,  adults  were  created,  there  would 
then  be  the  creation  of  the  fully  expressed  animal  type,  which  would 
be  not  only  more  in  accordance  with  the  works  of  the  Deity  gene- 
rally, but  also  would  furnish  a  permanent  basis  upon  which  there 
could  be  a  constant  succession  of  individuals,  and  that  too  from  that 
natural  function  of  tissues  impressed  upon  them  when  formed. 

In  studies  of  this  kind  we  ultimately  rest  on  the  confines  separating 
the  scientific  from  the  higher  world  of  thought ;  and  if  the  mind  is 
rejoiced  in  looking  back  upon  the  realities  of  the  one,  it  has  much 
more  reason  to  do  so  in  looking  forward  to  the  anticipations  of  the 
other.  If,  in  pure  science,  we  are  to  have  reason  and  demonstration* 
and  not  faith,  it  is  here  that  the  latter  takes  our  hand ;  and  it  is  a 
faith,  too,  not  blind,  but  intellectual ;  and  which  is  constantly  lead- 
ing us  on  to  the  full  appreciation  of  that  highest  and  most  stable  of 
mental  facts,  which  is,  the  existence  of  a  First  Great  Causb,  who 
laid  the  foundations  of  the  earth,  and  by  special  fiats,  at  different 
epochs,  created  all  therein. 
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8.   On  the  Classification  of  Mammalia.    By  Charles  Giraru, 
of  Washington. 

L 

The  limits  of  the  class  of  Mammalia  were  not  clearly  understood 
by  the  earlier  naturalists.  Some  groups,  which  in  former  times  were 
referred  to  other  classes  (as  Cetacea  and  Bats),  have  successively  been 
brought  into  it.  None,  however,  originally  placed  in  this  class  have 
ever  required  removal  elsewhere.  Thus  the  progressive  investiga^ 
tions  has  always  increased  the  number  of  the  representatives  of  this 
class. 

At  the  present  day,  we  may  safely  say  that  we  know  all  the  essen- 
tial groups  of  the  class  of  Mammalia,  the  actual  limits  of  which  are 
acknowledged  by  every  naturalist.  Indeed,  we  must  expect  many 
additional  species  and  genera  which  time  and  labor  will  bring  to 
light,  either  in  a  fossil  state  from  vainous  depths  in  the  strata  which 
constitute  the  solid  crust  of  our  globe,  or  else  from  its  actual  surface, 
and  belonging  to  the  living  fauna  contemporary  vtrith  the  human  races. 
Such  additions  are  not  expected  to  change  or  modify  the  boundaries 
of  the  class,  though  they  may  have  some  importance  in  the  subdivi- 
sions and  methodical  arrangement  of  the  minor  groups. 

The  division  of  the  class  into  secondary  or  minor  groups,  the- 
relationship  and  subordination  of  the  latter,  have  attracted  the  at- 
tention of  all  general  writers  on  zoology.  Almost  every  one  has 
attempted  a  classification  in  accordance  with  the  value  attributed  to 
one  series  of  characters,  rather  than  to  another. 

The  most  ancient  authors  seem  to  have  occupied  themselves  but 
little  with  zoological  characters  :  hence  the  subdivisions  which  they 
establish  among  Mammalia  are  based  upon  their  mode  of  life,  or  the 
elements  in  which  they  live. 

Next  we  see*the  subdivisions  based  upon  external  characters,  the 
most  striking  being  selected,  such  as  the  locomotive  members. 

All  this  prior  to  the  eighteenth  century. 

Towards  the  end  of  that  very  century,  however,  comparative  ana- 
tomy started  as  a  science  ;  and  at  the  beginning  of  the  nineteenth, 
it  introduced  an  entirely  new  method  of  classification.  Systematic 
zoology  underwent  a  metamorphosis. 

The  first  half  of  the  present  century  had  not  yet  elapsed,  when 
another  science  grew  up  with  rapid  steps,  claiming  her  share  in  the 
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question  of  the  natural  classification  of  the  animal  kingdom  :  we 
allude  to  embryology.  The  formation  of  the  young  mammal,  its 
genesis,  its  development  prior  to  the  period  when  it  makes  its  first 
appearance  in  the  world,  if  not  entirely  unveiled  yet,  are  no  longer 
mysterious,  and  their  bearing  upon  systematic  zoology  is  universally 
felt. 

Palffiontological  data  are  not  less  important  in  arriving  at  a  natu- 
ral classification,  than  those  derived  from  either  comparative  anato- 
my or  embryology ;  and  indeed  palaeontology,  comparative  anatomy 
and  embryology,  hold  an  equal  rank  in  respect  to  zoology. 

As  investigations  progress  in  these  fields  of  researches,  new  light 
is  daily  thrown  on  some  obscure  points,  and  difficult  questions  are 
thus  elucidated ;  but  as  yet,  no  methodical  arrangement  of  the  clsss 
of  Mammalia  has  been  universally  adopted  :  there  is  still  as  much 
diversity  of  opinion,  and  perhaps  even  more,  at  the  present  time, 
than  in  the  two  past  centuries,  although  as  a  whole  our  views  on  the 
subject  have  been  improved  upon  those  of  our  ancestors. 

In  order  to  render  more  tangible  our  thoughts  on  the  subordina- 
tion of  the  various  groups  which  constitute  the  class  of  Mammalia, 
we  have  prepared  the  accompanying  plate,  which  we  shall  now 
examine. 

The  orders  Edentata  and  Manupialia  are  considered  as  the 
trunks  of  the  class  :  these  two  groups,  we  place  on  the  same  level 
They  constitute  the  foundation,  the  bottom  of  the  class,  ftnd  accord- 
ingly are  the  lowest  of  all. 

The  trunk  of  Edentata  sends  out  three  diverging  stems,  the  Monih 
tremata,  the  Edentata  proper,  and  the  Tardigrada*  :  an  herbivorous 
stem  (Tardigrada  s.  Gravigrada),  an  insectivorous  stem  {Edentata 
proper),  and  a  carnivorous  stem  (Monotremata).  The  camivorism 
in  the  trunk  of  Edentata  is  of  the  lowest  grade,  and  subordinated ; 
as  the  carnivorous  propensities  only  attack  invertebrates,  that  is  to 
say,  animals  of  a  much  inferior  rank,  comparatively  very  weak  and 
defenceless. 


*Th6  graphic  representation  on  a  plane  surface  has  caused  the  stem  of  Turdi- 
grada  to  be  separated  firom  its  trunk ;  bnt  in  bringing  into  contact  both  edges  of 
the  plate,  we  would  obtain  a  figure  similar  to  that  of  Marsupialia.  Instead  of  a 
flattened  surface^  we  want  an  ideal  cone  for  both  tmnksi 
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Above  Monotremata  we  place  Cetacea  ( wbales  and  dolphinB) ; 
Edentata  proper,  above  tbe  Luectivora  ;  and  above  Tardigrada,  the 
Sirenidia,  or  so-ealled  herbivorous  cetaceans,  the  Pachydermata  and 
RuminanHa. 

The  trunk  of  Marsupialia  exhibits  likewise  three  stems,  an  herhi- 
varouSf  an  insectivorous  and  a  carnivorous.  Above  which  we  have  : 
the  RodenHoy  continuing  the  herbivorous  stem;  the  InsecHvorOf 
continuing  the  insectivorous  stem  in  common  with  Edentata  proper ; 
and  Ckirmvora,  oontinumg  the  carnivorous  stem. 

Thus  above  Edentata  and  Marsupialia,  we  have,  on  another  level : 
Cetacea,  Sirenidia  and  Walrus,  Pacht/derTnata,  Ruminantia,  Ro- 
dentia,  InsecHvora  and  Camivora;  that  is  to  say,  all  the  normal 
types  which  represent  the  full  development  of  the  class  as  syntheti- 
cally combined  in  Edentata  and  Marsupialia  below. 

The  fact  that  Insectivora  are  foreshadowed  both  by  Edentata  and 
Marsupialia,  shows  that  there  exists  a  close  connection  between  the 
two  trunks  of  the  class.  The  insectivorism  is  intermediate  in  rank 
between  herbivorism  and  camivorism ;  it  is  of  a  higher  grade  than 
the  former,  and  of  a  lower  than  the  latter.  The  predominating  fea- 
ture of  the  trunk  of  Edentata  consists  in  the  vegetable  diet,  and  in 
the  want  of  a  complete  set  of  teeth ;  the  predominating  feature  of 
the  trunk  of  Marsupialia,  on  the  contrary,  consists  in  the  animal 
diet,  and  the  possession  of  a  complete  set  of  teeth.  Accordingly 
there  can  be  no  doubt  that  Edentata  are  lower  in  grade  than  Mar- 
supialia :  they  are  the  lowest  grade  in  their  class. 

It  will  be  obvions,  also,  that  here  Edentata  rank  the  lowest  in 
grade  amongst  the  normal  groups  of  the  class ;  still  showing  that 
Edentata  are  inferior  to  Marsupialia,  the  latter  foreshadowing  groups 
of  a  marked  superiority. 

Now  there  are  other  groups  which  we  place  on  still  another  level 
above  the  normal  types,  although  not  of  an  absolute  superiority. 
Their  place  can  be  nowhere  else ;  their  history  must  follow  that  of 
the  normal  types  from  which  they  proceed :  the  Bradipodida  (or 
sloths),  arising  fk*om  the  herbivorous  stem  of  Edentata;  the  Sciuridne 
(or  squirrels),  arising  firom  the  stem  of  Rodentia ;  the  Cheiroptera 
(or  bats),  arising  from  the  stem  of  Insectivora ;  and  the  Quadrumana 
(or  monkeys),  arising  from  the  stem  of  Carnivora. 

We  consider  these  as  so  many  shoots  of  the  mammalian  tree,  which 
went  beyond  the  vital  sphere  of  activity  of  the  class;  in  other  words, 
deviations  from  the  normal  development  of  the  class. 

21 
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§  1.  Let  us  return  now  to  some  of  the  groups  mapped  down  on 
our  chart  of  the  ideal  gradation,  and  state  in  a  very  brief  manner 
their  most  striking  zoological  features  and  relationships. 

To  begin  with  Edentata,  which  we  concluded  were  the  lowest  of 
the  class :  when  looking  at  those  creatures  amidst  the  other  groups, 
we  cannot  help  being  strangely  struck  by  their  singular  physiogno- 
my, and  the  still  more  astonishing  association  of  characters,  which 
appear  sometimes  rather  borrowed  from  other  classes,  than  as  be- 
longing to  that  of  Mammalia.  We  need  only  call  to  mind  the  water- 
mole  {Omitkorhynchus)  of  New-Holland,  the  pangolins  {Mams)  of 
Asia  and  Africa,  the  anteater  (Myrmecopkaga)  and  armadillos 
(Datypus)  of  South  America,  the  aard-vark  (Orycteroput)  of  the 
Cape  of  Good  Hope,  and  the  sloths  of  tropical  America,  which  con- 
stitute the  three  orders  ManotreTnatat  Edentata  proper,  and  Tardir 
grada,  the  one  as  strange  as  the  other. 

The  Monotremata  exhibit  the  lowest  grade  of  mammalian  orga- 
nization. They  are  ovoviyiparous ;  the  young  are  without  nterian 
connection  with  the  mother,  but  they  are  suckled  by  the  latter.  In 
that  respect  they  approach  nearest  to  birds  and  reptiles ;  the  struc- 
ture of  their  sternum  and  shoulder,  also,  presents  a  great  resem- 
blance to  the  same  parts  in  lizards  and  icthyosauri.  Their  position 
at  the  bottom  of  the  order  of  Edentata  is  justified  by  the  fact  that 
one  genus  {Echidna)  is  completely  deprived  of  teeth,  whilst  the 
other  ( Omithorhynchue)  possesses  but  a  few  insignificant  ones.  These 
two  genera,  which  constitute  by  themselves  the  whole  order,  may 
just  as  well  constitute  two  families,  so  wide  are  the  differences  in 
their  general  appearance  and  structure. 

The  Edentata  proper  constitute  a  group  exceedingly  remarkable, 
composed  of  a  few  genera  likewise  very  strange  in  their  characters, 
strange  in  their  external  features,  strange  in  all  their  relations.  The 
differences  amongst  these  genera  are  so  great  that  they  have  been 
made  the  types  of  as  many  families  by  systematic  writers,  and  we 
believe  with  great  propriety.  The  absence  of  teeth  is  the  only  cha- 
racter by  which  they  are  united,  although  this  character  is  not  abso- 
lute, inasmuch  aa  grinding  teeth  in  a  very  rudimentary  state  are 
observed  in  some  few :  the  front  teeth  or  incisors — those  never  exist 
in  Edentata.  Edentata  moreover  are  provided  with  strong  nails  or 
claws  to  the  four  locomotory  extremities. 
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Each  of  the  types  in  Edentata,  by  its  strange  appearance,  recals 
to  mind  another  order  of  things,  another  physical  period  in  the 
earth's  history,  of  which  they  are  mere  reminiscences. 

The  Tardigrada  divide  into  two  groups,  one  completely  extinct, 
the  remains  of  which  are  found  in  the  tertiary  deposits  of  South 
America  chiefly,  the  Tardigrada  gravigrada  or  Megatherida  ;  and 
another  exclusively  composed  of  living  representatives,  the  Tardi^ 
grada  hradipodida  or  sloths  of  Central  and  South  America. 

§  2.  The  order  Martupialia  is  another  combination  into  one  group 
of  strange  forms  and  strange  characters,  quite  as  diversified  and 
heterogeneous  as  in  the  Edentata,  although  Marsupialia  seem  cast 
upon  a  more  uniform  external  mould.  The  great  diversity  resides 
in  the  physiognomy,  and  in  the  structure  of  the  teeth. 

In  Edentata,  we  have  seen  the  dentition  so  defective,  that  in 
several  cases  teeth  were  entirely  absent.  Here  in  Marsupialia  the 
dentition  is  greatly  developed,  becomes  a  permanent  character,  and 
requires  a  contrasting  importance.  The  incisors,  it  is  true,  are  no- 
where six  in  each  jaw,  which  is  the  normal  number ;  showing  that 
at  the  outset  the  number  was  of  a  subordinate  value,  as  well  as  the 
relative  signification  of  the  different  kind  of  teeth.  Nevertheless  it 
can  be  distinctly  shown  that  the  three  orders  following,  Rodentia, 
Insectivora  and  Camivora,  are  synthetically  combined  and  fore- 
shadowed in  the  group  of  Marsupialia,  which,  when  considered 
zoologically  in  itself,  cannot  but  strike  any  one  as  an  odd  group 
standing  isolated  in  the  actual  creation. 

§  3.  The  order  of  Cetacea^  the  lowest  amongst  the  normal  groups, 
may  be  subdivided  into  three  families.  The  first  and  lowest,  the  fami- 
ly of  BaltsnidcBt  is  characterized  by  the  absence  of  teeth,  or,  if  not 
entirely  absent,  they  have  no  functiqn.  These  are  the  toothless  or 
edentated  cetaceans,  reminding  us  of  the  order  of  Edentata  proper, 
our  second  prophetic  type.  The  second  family,  that  of  Physeterid^e, 
exhibits  well  developed  teeth  on  the  lower  jaw,  and  rudimentary 
ones  on  the  upper  :  the  suhdentated  cetaceans  of  the  authors*.  The 


*  Physeterida,  or  «penn-wha]e^  are  more  nearly  allied  to  dolphins  than  to 
whaleiy  if  we  take  into  consideration  the  etracture  of  the  whole  skeleton.  We 
might  even  say  that  Physeterids  are  gigantic  dolphins  in  which  the  development 
of  teeth  has  stopped,  and  the  body  increased  beyond  all  proportion.  That  colossal 
mass  which  sperm-whales  partake  with  the  whales  proper,  is  of  an  incontestible 
inferiority,  as  it  is  unfit  for  graceful  movements ;  but,  on  the  other  hand,  the 
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third  family,  that  of  Ddphinid<B,  seems  to  complete  the  progressiTe 
series  in  the  development  of  teeth ;  for  the  latter  exist  here  on  both 
jaws,  whence  the  u^meoi ambidaUated  cetaceans.  The  fourth  family, 
that  of  HeterocUmtidtB,  includes  the  narwhale  or  predentated  celaceaiUf 
and  some  other  types  in  which  the  dentition  is  losing  both  its  shape 
and  its  function.  The  Manodtm  (narwhale)  is  closely  allied  to  Pha- 
c€ena  (porpoise),  whilst  Hyperoodan  comes  nearer  to  Ddphinus,  The 
other  genera  are  deviations  or  reminiscences  of  the  other  families. 
Heterodonts,  then,  must  follow  the  dolphins  in  a  natural  and  serial 
classification.  The  order  of  Cetacea  begins  with  the  whales,  and 
closes  With  heterodonts ;  the  real  superior  groups  are  those  placed 
in  the  middle,  the  Delphinidas,  which  represent  the  normal  cetacean 
type.  They  are  the  smallest  of  the  order,  and  possess  two  fresh-water 
representatives,  one  closely  allied  to  dolphins  proper,  the  second 
bearing  some  far  relations  to  Physeteridas  (sperm-whale),  and  to  the 
genus  Hyperoodon  of  the  heterodonts  family. 

The  morphology  of  the  teeth  in  Cetacea  is  very  interesting,  and 
instructive  in  a  philosophic  point  of  view,  when  the  relationships  of 
this  order  with  the  Edentata  are  well  understood.  In  the  lowest  type, 
teeth  remain  undeveloped;  in  the  highest,  they  cover  the  whole  sur- 
face of  both  jaws,  but  are  of  one  kind  :  incisors,  canines  and  grinding 
teeth  are  not  known  amongst  cetaceans.  This  fact  alone  would 
ascribe  to  them  an  inferior  rank  amongst  the  normal  groups  of  the 
class. 

§  4.  The  affinities  of  the  so-called  herbivorous  cetaceans,  or  Si- 
renidse,  with  pachyderms,  have  been  alluded  to  by  several  authors. 
In  1834  Fred.  Cuvur*  wrote  the  following  remarkable  sentence: 
**  The  group  of  herbivorous  cetaceans,  composed  of  genera  inti- 
"  mately  connected  together,  are  related  to  the  pachyderms  by  the 
«  manati.''  And  farther  on  (page  6)  he  remarks  that  they  come  nearer 
to  pachyderms  than  to  cetaceans.  In  1838  they  were  definitively 
removed  from  the  Cetacea,  and  actually  placed  amongst  Pachy- 
dermatat.  Upon  this  point,  every  naturalist  now  agrees.  Sirenidse  are 
the  lowest  grade  among  pachyderms  :  even  if  considered  as  pai*allel 


material  strength  is  developed,  and  the  miuoular  power  increased  to  harmoniie 
with  the  immensity  of  the  element  in  which  they  live.  BaUenidfle^  the  lowest  of 
the  order,  are  likewiae  amongst  the  largest 

*  Histoire  Katurelle  des  Cetac^s,  p.  34w 

\  OwxN,  in  Prooeed.  ZooL  Soc,  London. 
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to  pachyderms,  they  still  must  rank  lower  in  a  natural  classification. 
They  are  aquatic,  provided  only  with  the  anterior  limbs  constructed 
for  swimming.  Unlike  the  cetacea,  they  live  near  the  land,  and  may 
occasionally  creep  along  a  beach ;  undoubtedly  representing  a  higher 
step  in  the  class,  and  an  approximation  towards  the  subaquatic  Hip- 
popotamus, which,  together  with  the  tapir,  show  intimate  relation 
with  the  manati  and  dugong.  The  Dinotherium,  and  other  fossil  re- 
presentatives of  the  group  of  Sirenidia,  seem  to  synthetise  the  living 
genera  of  their  groups  together  with  both  the  proboscidian  pachy- 
derms and  the  ruminants.  This  synthesis,  however,  cannot  yet  be 
fully  understood.  The  earth's  crust  has  not  yet  yielded  all  the  data 
by  which  alone  we  delineate  the  history  of  the  pachyderms  and 
allied  groups  from  their  cradle  up  to  our  days. 

Amongst  the  living  genera,  we  observe  the  following  particulars  : 
The  Manati,  when  young,  have  on  the  lower  jaw  two  small  incisors 
directed  forwards  and  downwards,  reminding  us  of  the  tusks  in  Di- 
notherium. The  presence  of  tusks,  therefore,  assigns  to  the  latter  a 
lower  position.  In  Halicore,  tusks  exist  on  the  upper  jaw,  as  in  the 
elephant,  with  which  the  genus  Rytkta  seems  also  related  by  its 
teeth,  although  completely  deprived  of  tusk  of  any  kind. 

§  6.  The  position  of  the  Walrus  is  between  Sirenidia  and  Pachy- 
dermata ;  they  belong  to  the  pachydermic  order  by  structural  evi- 
dences, and  bear  only  analogies  to  the  seals.  They  constitute  a  small 
group  whose  distinctive  features  from  Manati  consist  in  the  presence 
of  four  locomotive  members ;  and  from  the  other  pachyderms,  in 
having  these  four  locomotive  members  adapted  for  aquatic  habits. 

§  6.  The  order  of  Pachydermata  is  the  least  understood  of  all, 
on  the  very  ground  that  its  history  belongs  chiefly  to  the  past ;  and 
since  Sirenidia  and  TrichechidsB  ( walrus  )  are  referred  to  the  same 
group,  it  beccMnes  difficult  to  determine  the  relationships  between  the 
living  and  the  extinct  representatives  in  order  to  establish  a  gra- 
duated series. 

We  are  satisfied  of  the  existence  of  two  progressive  series  in  the 
pachydermic  groups,  in  the  following  way  : 
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VITBOirr  PBOB0801B. 

EQUm^ 
SUID^ 
HYRACIDuE, 
RHINOCKROTEDiB; 

hippopotamidje; 
trichechidjb; 


PBOBO0GIDIAir&. 

elephantidje; 

MASTODONTIDiB; 

RYTmiDiE; 

HAUCHORIDJ^ 

MANATID^ 

DDfOTHERID-*; 


ANOPLOTHERIDiE, 
PAUEOTHERIDiE. 

At  the  bottom  of  the  order,  the  extinct  Palseotherittm  and  Anoplo- 
therium  :  on  one  side  the  proboscidians,  and  on  the  other  the  families 
which  have  no  proboscis.  The  proboscidians  are  relatively  inferior 
to  nonproboscidians,  inasmuch  as  they  are  edmUUa  in  the  general 
sense  of  the  word  :  grinding  teeth  and  tusks  alone  exist.  In  the 
nonproboscidians  the  dental  system  acquires  a  great  development, 
the  greatest  to  be  observed  in  the  edentated  trunk ;  but  as  this  de- 
velopment is  an  excessive  effort,  and  thus  brought  the  group  beyond 
its  circle  of  activity,  it  had  only  a  temporary  existence,  and  became 
almost  extinct  in  the  present  era. 

The  history  of  pachyderms  will  form  a  contrasting  episode  com- 
pared to  that  of  Cetacea,  when  it  shall  once  be  written  out  fully. 
Our  hypothetical  views  on  the  subject,  for  fear  that  they  should 
appear  too  premature,  we  abstain  from  giving  now. 

§  7.  As  to  the  limits  of  the  order  of  Ruminantiaf  every  one  is 
agreed ;  but  not  so  with  regard  to  its  systematic  position.  Considering 
its  imperfect  dental  system,  we  see  that  it  belongs  to  the  great  divi- 
sion of  edentated  mammals.  That  ruminants  are  inferior  in  rank  to 
rodents,  we  derive  first  from  their  appertaining  to  the  edentated 
division,  which  we  have  seen  is  inferior  to  the  division  of  marsupials. 
Their  dentition  and  herbaceous  diet  is  a  second  very  important  fea- 
ture which  assigns  to  them  a  lower  rank  than  to  the  rodents,  which 
feed  chiefly  on  bark  and  fruits,  a  food  superior  to  grass  and  leaves. 

§  8.  Now  the  position  of  the  order  RodeiUia  is  clearly  defined  by 
what  has  just  been  said  of  the  ruminants.  Their  complete  system  of 
dentition,  and  the  similarity  in  the  insertion  of  the  incisors  in  herbi- 
vorous marsupials,  are  the  reasons  which  have  guided  us  in  this 
arrangement. 

§  9.  The  place  which  we  assign  to  the  order  of  Luectivara  is  based 
upon  a  similar  principle  :  the  affinity  of  their  dentition  and  mode  of 
life  with  the  insectivorous  marsupials  and  edentata. 
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§  10.  Pinnipedia  have  always  been  placed  below  Camiyorat  and 
Camivora  have  always  been  divided  into  digiiigrada  and  pkuUi- 
grada.  We  find  both  plantigrada  and  digitigrada  synthetically  in- 
dicated in  Pinnipedia ;  not  in  the  structure  of  the  locomotive  mem- 
bers, but  in  the  profile  of  the  face. 

§  11.  In  the  eccentric  groups  of  Bradipodida,  Sdurida,  Cheiro- 
ftera  and  Quadrumanaf  we  observe  the  remarkable  fact  that  they 
assume  a  general  external  resemblance  to  each  other,  that  they 
become  monkey-like  in  features  and  habits.  They  live  above  the 
ground,  in  trees  and  in  the  air ;  they  are  chiefly  nocturnal,  and  their 
diet  has  a  general  tendency  to  becoming  frugivorous.  That  Cheiro- 
ptera proceed  from  the  insectivorous  stem,  the  Quadrumana  from 
the  camiyorous  stem,  the  Bradipodidse  from  the  tardigrade  stem,  a 
thorough  comparison  of  these  types  will  convince  every  one. 

We  give  now  the  following  Mammalian  System  : 

L  QUADRUMANA. 

SmiADJL 

Obbidjl 

liEMUBIDiK 

IL  CAKNIVORA. 

<k  TJNOUIOULATA. 

FSUDA 
"ETJOnDM. 

Caxjdm. 

MmmxiDJL 
%  PukimomADA. 

GnooLEPUPA 

PBOOTONIDiL 

XJbskdm, 
h,  PDOnPSDIA. 

Teoosdjl  ^ 

m.  CUEIKOFTERA. 
&  VBUGIVOBA. 

FvKBOrODlDM, 

ft-OABNlYOBA. 

YBFIBXIUOMn>A 
YjJiFIMXDM, 
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lY.  INSECriTVORA 

Ebikagkidje. 

sobioidje. 

Talfidje. 

V.  HERBrVORA. 
a.  BOPXNTIA 

scsubidx. 
Gastokid^. 

"MXJBJDX, 

Myozina. 

Dipodina. 

CtenodaetjliiuL 

Miuina, 

Spalacina. 

Arvicolina. 

Bathjergina. 

Sacoomyina. 

HYBmciDX. 

Hy-Btricina. 

Dasyproctina. 

Echymyina. 

Octodontma. 

ChinchiUinak 

Cayiina. 
Lepobidjc. 
(.  BUMINASTIA. 

Camelsopabdalidjc. 

Antelopid£. 

MofiOHIDJE. 

Bovuts. 
e,  PAOHTDEBMATA 

EQUIDiC.  ELEPBANTIDje. 

SlTIDJE.  MASTODOirrXDJS. 

Ht&acidje.  Rthnid^ 

Rhinocebotidji.  Haiiohobida. 

HippopotamidjB.         Mawatidx. 

TrIOHBQHIDJE.  DiNOTHSBIDiE. 

ANOFLOTBXBIDil. 
TALMOTBtaJDM, 

VL  CETACEA 

HjETIBKODON  TIDM, 

Dslphucidjc. 

pHTBETKRlDiE. 

"Baudodm. 
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VII  MATMTTPTAT.TA 
a.  GABIHYORA. 

Thtlaoinida. 

Dn)ELPHID£. 

Dasturid^ 
&  inbeotivora. 

VZRAUtUDX, 
&  HBBBIYOBA. 

P&AUkNGIBTmjE. 
PlUSOOLOMTIDJE. 

Maoropodidje  {ffalmaiuricUBy 

YTTL  EDENTATA. 

a.  TABDIGBADA. 

Bbadipodidje. 

MiOATHXRIDJE. 

h.  XDXaffTATA  noPSB. 

Dastpodidje. 
Oetoreopodidjb. 

MtHMBOOPHAGIDjE. 

Manidje. 
&  MONOTBEMATA. 

EoUIDNIDf. 
OBmTHOBHTNOHIDX. 

IV. 

§  1.  The  data  relating  to  the  earliest  appearance  of  die  class  of 
Mammalia  lead  us  as  far  back  in  the  earth's  history  as  the  period  of 
the  oolite.  There  we  find  it  displaying  but  a  small  number  of  forms 
under  the  shape  of  marsupials,  more  intimately  allied,  however,  to 
our  opossum  tham  to  any  of  the  Australian  types.  These  first  repre- 
sentatives of  the  class  inhabited  that  geographical  portion  of  the 
globe  now  called  the  British  Islands. 

The  conclusions  to  which  Cuyier  had  arrived,  viz.  that  the  epoch 
of  the  appearance  of  mammals  was  the  tertiary  in  the  series  ;  his 
beautiful  researches,  his  remarkable  discourses  on  the  revolutions  of 
the  globes  were  present  to  the  mind  of  every  one.  Now  came  that 
fossil  jaw  of  an  opossum-like  animal,  which  seemed  to  contradict 
these  philosophical  deductions.  The  mammalian  nature  of  the  jaw 
was  denied  by  some,  exaggerated  by  others :  its  geological  position 
in  the  oolite  was  considered  as  accidental;  but  all  attempts  at 
rejecting  these  remains  from  the  class  of  mammalia  have  proved 
unsuccessful;  time  and  repeated  investigations  have  concurred  in 
showing  that  they  were  true  mammals,  and  that  they  truly  belonged 
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to  die  oolitic  period.  And  instead  of  contradicting  the  fonnerly 
ascertained  results,  these  facts  now  complete  the  palaeo-history  of 
the  class,  and  illustrate  most  beautifully  the  gradual  introduction  of 
the  different  groups  of  the  animal  kingdom  upon  the  sur&ce  of  our 
globe.  For  it  remains  true  that  the  class  of  mammalia  acquired  a 
full  development  during  the  tertiary  epoch  only  ;  the  tertiary  types 
were  preceded  in  the  secondary  epoch  by  these  marsupials,  and  in 
some  sort  foreshadowed,  predicted  by  them.  The  marsupials  being 
zoologically  inferior,  they  are  geologically  the  first  created.  Their 
abnormal  forms,  the  disproportions  of  some  of  dieir  limbs,  illustrate 
the  first  evolution  of  the  mammalian  activity.  Their  bringing  forth 
their  young  in  an  imperfect  state  of  development,  and  the  existence 
of  an  external  pouch  to  protect  that  progeny,  assign  to  them  an 
inferior  rank.  The  fact  that  there  are  among  them  carnivorous, 
insectivorous,  and  herbivorous  types,  indicates  clearly  that  they  com- 
bine these  groups  of  which  they  are  the  prototype  in  the  Creator's 
thought,  and  their  precursors  in  time. 

As  the  development  of  the  class  went  on,  and  the  foreshadowed 
groups  appeared  as  distinct  and  independent  manifestations  of  the 
mammalian  organization,  the  marsupialian  group  was  preserved 
within  the  limits  of  its  original  conception  up  to  our  epoch,  in 
which  it  stands  as  an  odd  group  which  reminds  us  of  a  past  order 
of  things.  In  the  actual  fauna,  Marsupialia  are  an  isolated  type  which 
has  deceived  and  misled  all  the  systematic  writers ;  still  combining  | 

characters  of  several  other  types,  if  it  is  not  understood  that  they 
are  prototypic,  and  the  lowest,  they  will  give  rise  to  contests  as  to 
their  position  in  the  system. 

No  facts  illustrate  better  the  immateriality  of  the  relations  which 
exist  between  the  various  groups  of  this  class  :  they  may  foreshadow, 
they  may  prophetise,  but  they  will  continue  to  exist.  There  are  no 
material  transformations,  no  material  permutations,  firom  one  group 
to  another;  for  if  such  was  the  case,  those  first  created  groups, 
combining  those  of  a  later  appearance,  would  not  be  fi)und  possessing 
the  same  material  attributes,  the  same  circle  of  vital  activity  as 
before.  On  the  other  hand,  when  the  foreshadowed  groups  appear, 
they  lose  their  zoological  importance,  and  accordingly  are  confined 
to  a  geographical  province  physically  lower,  to  remind  us  of  their 
low  position  in  the  system. 

§  2.  But  if  Edentata  are  zoologically  the  lowest  of  the  class,  they 
should  have  been  created  the  first  in  time,  or  at  least  be  contempo- 
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raneous  with  Marsupialia.  As  far  as  our  present  knowledge  respect- 
ing the  fossil  remains  of  mammals  goes,  Edentata  are  not  known 
prior  to  the  miocene  strata  of  the  tertiary  epoch ;  but  in  those  very 
strata,  their  remains  are  so  numerous,  and  exhibit  such  a  diversity 
of  generic  forms,  that  we  must  conclude  from  these  &cts  that  Eden- 
tata have  acquired,  if  not  the  maximum  of  their  development,  at 
least  a  large  portion  of  it,  during  the  first  period  of  their  creation. 

This  great  development  of  Edentata,  at  the  presumed  dawn  of 
their  existence,  is  in  contradiction  with  the  general  law  which  has 
presided  over  the  development  of  all  other  groups  of  the  animal 
kingdom  :  each  group,  each  natural  order  or  family,  the  history  of 
which  has  been  investigated  in  past  times,  has  manifestly  shown  a 
development  parallel  to  that  of  the  individual  life :  1st,  an  early 
period — corresponding  to  that  of  youth — during  which  the  group 
has  but  a  small  number  of  representatives ;  2d,  a  period  of  fiiU 
development — corresponding  to  that  of  the  adult — during  which 
the  group  exhibits  the  greatest  diversity  which  was  in  its  power  to 
assume;  3d,  finally  there  is  a  period  of  decline  —  corresponding 
to  old  age  and  fall— -during  which  period  the  individuals  are  less 
numerous.  In  the  class  of  Mammalia  there  are  comparatively  few 
groups  which  have  thus  reached  the  third  period  of  their  history, 
and  passed  away  from  the  surface  of  our  earth.  The  majority  have 
just  attained  their  period  of  fullest  development  at  the  beginning  of 
the  human  era,  and  are  actually  in  existence  upon  the  external 
surrounding  crust  of  our  planet. 

According  to  these  facts,  and  satisfied  that  the  systematic  position 
which  we  have  assigned  to  Edentata  is  natural,  and  in  accordance 
with  the  general  plan  of  the  creation,  we  predict  that  remains  of 
Edentata  will  be  found  in  the  strata  below  the  miocene ;  that  they 
will  be  found  in  secondary  beds  at  least  as  low  as  the  Oolite,  if  not 
farther  down.  If  they  prove  to  be  of  a  decidedly  lower  zoological 
grade  than  Marsupialia,  they  must  have  been  introduced  on  earth 
before  the  latter ;  and  if  parallel  with  them,  they  must  have  been 
contemporaneous.  In  the  actual  era,  the  order  of  Edentata  is  in  its 
period  of  decline  :  its  representatives  now  living  are  much  less 
numerous  than  the  extinct  ones  already  known. 

§  3.  The  Pachydermata  constitute  another  group,  whose  history 
chiefly  belongs  to  past  times.  They  are  known  to  have  existed  as 
early  as  the  eocene  period;  the  miocene  is  the  period  of  their 
greatest  dvelopment ;  they  diminish  in  number  in  the  pliocene,  and 
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finally  the  living  representatives  are  still  less  namerous.  So  that 
pachydermata  are  in  the  period  of  their  decline,  as  well  as  edentata. 

Now  as  far  as  is  known,  these  two  groups,  Pachydermata  and 
Edentata,  are  the  only  ones  in  the  class  of  Mammalia  whose  circle 
of  activity  has  been  exhausted  in  geological  ages. 

The  two  series  which  we  have  established  among  pachyderms  will 
have  to  be  carefully  studied  geologically. 

The  oldest  remains  known  of  Sirenidia  have  been  discovered  in 
the  lowest  beds  of  the  miocene  period. 

The  oldest  remains  of  ruminants  known,  belong  to  the  middle 
strata  of  the  miocene  period. 

Cetaceans  are  contemporaneous  with  the  ruminants;  it  being 
always  understood  that  we  speak  of  the  actual  state  of  our  know- 
ledge. 

Rodentia,  which  we  consider  the  highest  amongst  Herbivora,  are 
foreshadowed  by  Marsupialia,  the  second  synthetical  type.  Rodentia 
make  their  first  appearance  at  the  beginning  of  the  eocene  period, 
the  first  of  the  tertiary  epoch. 

And  so  do  the  Camivora  proper  and  Pinnipedia,  parallel  in  thar 
genetical  development ;  although,  zoologically  speaking,  Pinnipedia 
are  lower,  and  synthetise  the  two  groups  of  carnivorous  digitigrades 
and  plantigrades. 

Insectivora,  which  are  shadowed  by  both  Edentata  and  Marsu- 
pialia, are  not  known  in  the  eocene  :  their  remains,  hitherto  found, 
belong  to  the  miocene  and  strata  above. 

Quadrumana  and  Cheiroptera  have  left  some  of  their  remains  in 
the  middle  strata  of  the  eocene  period. 

The  annexed  diagram  is  intended  to  sketch  out  the  history  of  the 
class  of  Mammalia,  prior  to  the  epoch  of  mankind. 

§  4.  If  we  look  now  at  the  geographical  distribution  of  Mammalia, 
which  is  regulated  by  laws,  we  may  point  out  some  &cts  of  a  very 
striking  interest,  and  which  corroborate  the  foundation  of  our  clas- 
sification. 

The  globe  and  the  animal  kingdom  were  created  for  one  another; 
the  globe,  however,  was  made  for  the  kingdom,  matter  being  sub- 
ordinate to  life.  During  each  of  the  geological  ages,  and  even  during 
each  period  or  era,  the  physical  features  of  the  globe  have  assumed 
a  peculiar  character.  The  animal  creation  has  likewise  assumed  a 
peculiar  zoological  character,  always  in  a  direct  relation  with  the 
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physical  characters  of  the  time  and  the  special  physical  wants  of  the 
glohe. 

There  are  two  points  of  view  to  he  taken  into  consideration  when 
investigating  the  introduction  of  life  upon  the  surface  of  our  glohe, 
but  these  we  cannot  discuss  at  length  here  :  we  must  limit  ourselves 
merely  to  the  signalizing  of  them. 

1.  Life,  from  Its  first  manifestation  upon  the  glohe,  may  have 
undergone  a  gradual,  slow,  and  continuous  development ;  in  which 
case  a  single  and  unique  creation,  passing  through  divers  metamor- 
phoses to  suit  the  wants  of  the  globe,  renewing  itself  without  the 
necessity  of  a  special  creation  at  the  beginning  of  each  period,  would 
seem  the  real  doctrine. 

2.  Life,  after  its  first  introduction  on  earth,  might  have  ceased  at 
the  end  of  each  period,  and,  at  the  beginning  of  each  one,  a  new 
creation  called  forth,  purposely  made  to  suit  the  physical  wants  of 
the  new  era.  Thus  numerous  creations  would  have  succeeded  each 
other  without  any  material  connection,  or  any  genetic  relationship, 
but  physically  independent  of  each  other. 

Both  of  these  views  have  their  defenders  and  opponents.  The 
choice  of  one  or  the  other  is  of  no  consequence  in  regard  to  the  fact 
which  we  are  now  tracing,  as  soon  as  we  can  admit  that  at  each 
period  the  animal  kingdom  was  in  a  direct  relation  with  the  physical 
wants  of  the  globe. 

The  physical  wants  of  our  planet  went  on  increasing  with  Time, 
both  in  number  and  importance ;  and  the  same  may  be  said  of 
animal  life.  The  relations  of  these  two  worlds  are  so  intimate,  that 
the  zoological  subordination  of  the  groups  will  give  us  the  relative 
physical  superiority  of  the  continents  above  one  another ;  and,  vice 
versa,  the  relative  physical  superiority  of  the  continents  will  point 
to  the  zoological  gradations  of  the  groups  composing  the  class  of 
mammalia. 

Now  let  us  look  at  the  facts.  The  lowest  Mammalia,  the  Mono- 
tremata,  belong  exclusively  to  Australia.  Australia  is  physically  the 
lowest  continent.  Marsupialia  are  also  limited  to  the  same  continent. 

The  next  in  grade  after  Monotremata  are  the  Edentata  proper, 
which  belong  chiefly  to  South  America ;  the  Manidae  and  Oryctero- 
podidse  alone  being  African.  South  America  and  Africa  rank  above 
Australia ;  and  although  Marsupialia  are  placed  by  us  above  Eden- 
tata generally,  the  consequence  of  their  occurring  in  Australia  does 
not  contradict  the  assumption  that  Australia  is  physically  lower  than 
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Africa  and  South  America.  The  fact  that  the  lowest  amoDg  Edentata 
are  Australian,  and  the  highest  among  Marsupialia  (the  Didelphidae) 
are  South  American,  is  very  conclusive. 

The  occurrence  of  the  opossum  in  the  southern  part  of  the  United 
States  clearly  indicates  that  this  continent  is  physically  inferior  to 
Europe  and  Asia. 

When  comparing  the  relative  superiority  of  the  continents  with 
each  other,  the  comparison,  in  order  to  remain  true,  must  be  made 
independently  of  the  influences  of  man.  They  must  be  taken  at  the 
dawn  of  their  history,  when  in  formation,  during  the  epochs  which 
have  preceded  the  cradle  of  mankind.  If  America  occupies  a  rela- 
tively low  physical  rank,  that  nation  by  which  it  has  been  taken 
possession  o£,  by  which  it  has  been  subdued  and  conquered,  has 
changed  its  destinies  by  applying  to  its  elevation  the  power  of  its 
intellectual  aptitudes. 

Although  some  few  fossil  remains  of  Marsupialia  and  Edentata 
occur  out  of  the  actual  geographical  provinces  of  these  groups,  the 
greatest  number  are  found  within  the  limits  of  the  said  provinces ; 
showing  that  thd  order  which  now  prevails  at  the  surface  of  oar 
globe,  takes  its  roots  in  former  ages ;  that  the  same  general  laws 
which  now  prevail,  have  presided  over  the  past. 

Amongst  the  normal  groups  of  the  class  we  have  Cetaceans,  the 
lowest,  all  aquatic;  as  are  likewise  Sirenidia.  TrichechidaB,  and 
Pinnipedia.  The  pachyderms  are  tropical  :  their  actual  distribution 
on  earth  is  to  be  referred  to  a  past  order  of  things,  in  order  to  be 
understood.  The  Ruminants,  Rodents,  Insectivora  and  Camivora 
are  distributed  all  over  the  globe  in  given  proportions. 

A  general  glance  at  the  mammalian  fauna  of  North  America 
strikes  us  by  the  preponderance  in  the  number  of  species  of  the 
order  Rodentia.  The  true  grass-feeders,  the  Ruminantia  and  Pachy- 
dermata  are  in  minority ;  although  the  new  world  has  been  opposed 
to  the  old,  and  called  the  amtinent  of  vegetiUioHf  by  contrast  with 
that  of  animalization.  The  greatest  Camivora  are  absent  from 
America  :  Camivora  are  the  most  numerous  where  ruminants  are 
most  numerous,  the  former  feeding  chiefly  upon  the  latter. 

Each  group  has  a  part  to  perform  in  the  economy  of  nature. 
Camivora,  the  most  powerful  in  the  animal  creation,  check  the 
ruminants,  the  most  bulky  and  most  clumsy  of  the  terrestrial  forms 
of  the  class,  and  partly  the  rodents ;  the  rodents,  in  their  turn,  check 
the  arborescent  vegetation,  whilst  ruminants  check  chiefly  the  grass. 
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Ruminants  are  constructed  to  walk  on  the  surface  of  the  ground ; 
whilst  the  organization  of  rodents  is  adapted  either  for  ascending 
trees,  or  for  burrowing  in  the  ground.  Ruminants  are  timid,  con- 
stantly in  fear  of  becoming  the  prey  of  others,  and  have  fi:>r  their 
only  retreat  the  depths  of  the  forests,  or  the  unbounded  plains  and 
deserts. 

•  The  Insectivora  feed  upon  Articulata,  and  are  Intended  chiefly  to 
check  the  never-resting  class  of  Insects  :  they  are  adapted  to  divers 
situations  ;  for  the  aerial  element,  the  surface  of  the  soil,  and  under 
it,  as  their  peculiar  instinct  vnll  lead  them  to  feed  either  on  flying, 
creeping,  or  burrowing  articulates.  The  Insectivora  increase  in 
number  from  the  north  to  the  equator,  as  the  class  of  insects  does. 

Amongst  the  eccentrical  types,  the  majority  of  the  species  inhabit 
the  warm  zone ;  a  very  significant  fact.  Cheiroptera  exist  in  both 
hemispheres,  increasing  in  number  from  the  arctic  regions  to  the 
tropics.  Quadrumana  are  chiefly  tropical ;  and  so  are  Bradipodid». 
Flying  squirrels  belong  to  the  temperate  and  tropical  zones. 


9.    On  the  Preservation  of  Animal  Substances.    By  Dr. 

H.  GOADBT. 

Dr.  Goadbt's  preserving  fluids  are  made  according  to  the  following 

formulae  : 

A2. 

Rock  Bah 4  ounoes. 

Alum 2  ounces. 

Corrosive  sdblimate^    4  grains. 

Water 2  quarts  (imperial  of  40  ounoeaX 

B. 

Rock  salt 8  ounces. 

Corrosiye  sublimate^    2  grains. 

Water 1  quarts  imperial 

The  A  2  fluid  only  diflers  from  the  A  1,  by  the  employment  of 
tUH>  quarts  of  water  to  the  same  ingredients,  instead  of  one  quart. 

B  fluid,  made  according  to  the  above  recipe,  is  adapted  to  the  . 
preservation  of  land  and  lacustrine  animals  :  marine  animals  require 
about  two  ounces  more  salt  to  one  quart  of  water.  The  sp.  gravity 
should  be  1,148. 
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m.   PHYSIOLOGY. 

10.    Influence  op  the  Poison  op  the  Northern  Rattlesnake 
(Crotaltu  durissutj  on  Plants.    By  J.  H.  Salisbury,  M.  D., 

of  Albany. 

On  the  eighteenth  of  JunOi  1851,  a  large  female  rattlesnake,  which 
had  been  caged  in  the  New- York  State  Cabinet  of  Natural  History 
for  about  a  year  without  food,  died.  On  dissection,  its  stomach  and 
intestinal  canal  were  found  entirely  empty,  as  much  so  as  if  they  had 
been  scoured  out  with  soap-suds.  The  sack  in  which  the  poison  is 
emptied  was  laid  open,  and  the  virulent  matter  (of  which  there  was 
but  little)  carefully  removed  and  placed  in  a  porcelain  capsule. 
About  fifteen  minutes  after  its  removal,  four  young^hoots  of  the  lilac 
(Syringa  vuigaruj,  a  small  horse-chestnut  of  one  year's  growth 
fJEsctdus  hippocastanumj,  a  com  plant  (Zeamaiz),  a  sunflower 
plant  (Hdianthtffi  annuusj,  and  a  wild  cucumber  vine,  were  seve- 
rally vaccinated  with  it.  The  vaccination  was  performed  by  dipping 
the  point  of  a  penknife  into  the  poisonous  matter,  and  then  inserting 
it  into  the  plant,  just  beneath  the  inner  bark.  No  visible  effect,  in 
either  case,  of  the  influence  of  the  poison  was  perceptible  till  about 
sixty  hours  after  it  had  been  inserted.  Soon  after  this  the  leaves 
above  the  wound,  in  each  case,  began  to  wilt.  The  bark  in  the  vici- 
nity of  the  incision  exhibited  scarcely  a  perceptible  change  ;  in  fact 
it  would  have  been  difficult  to  have  found  the  points,  if  they  had  not 
been  marked,  where  the  poison  was  inserted.  Ninety-six  hours  after 
the  operation,  nearly  all  of  the  leaf-blades,  in  each  of  the  plants 
above  the  wounded  part,  were  wilted  and  quite  dead.  On  the  fifth 
day,  the  petioles  and  the  bark  above  the  incisions  began  to  lose  their 
freshness ;  and  on  the  sixth,  they  were  considerably  withered.  On 
the  seventh  day  they  appeared  about  as  they  did  on  the  sixth.  On 
the  tenth,  they  began  to  show  slight  signs  of  recovery.  On  the  fi^ 
teenth,  new  but  sickly  appearing  leaves  began  to  show  themselves 
on  the  lilacs,  and  the  other  plants  began  to  present  slight  signs  of 
recovery  in  the  same  way.  Neither  of  the  plants  were  entirely  de- 
stroyed. 

It  was  interesting  to  mark  the  progressive  influence  of  the  poison. 
The  first  indication  of  the  derangement  of  the  healthy  functions  of 
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the  plants  was  observed  in  the  leaves  :  these  began  to  wilt  and  die 
at  their  edges  and  apices ;  and  this  death  gradually  and  uniformly 
advanced  on  all  sides  towards  the  middle  and  petiole,  till  the  whole 
or  nearly  the  entire  leaf  was  destroyed. 

It  is  an  interesting  fact  in  physiology,  that  the  plants  first  exhibited 
signs  of  deaih  in  the  leaves ;  and  still  more  interesting,  that  this 
death  commenced  first  in  the  leaves  on  the  side  of  the  plant  in  which 
the  poison  was  inserted*. 

The  facts  materially  deducible  from  these  experiments  are  : 

1.  That  the  effects  of  the  poison  of  the  rattlesnake  upon  plants 
and  animals,  when  introduced  into  their  circulation  by  a  wound,  are 
similart. 

2.  That  it  requires  a  much  longer  time  for  it  to  affect  the  plant, 
dian  the  anima]|. 

3.  That  the  effects  were  invariably  exhibited  on  the  part  above 
the  wound,  and  in  no  case  affected  the  leaves  below  i(||. 

4.  That  it  invariably  affected  first  the  leaves  on  the  side  of  the 
plant  in  which  the  incision  was  made.  « 

5.  That  its  influence  was  invariably  first  rendered  visible  on  the 
edges  and  apices  of  the  leaf-blades§. 


*Thi8  flhowB  a  leas  perfect  system  of  anastomosing  vessels  than  esdsts  in  the 


t  It  is  stated,  on  good  authority,  that  the  poison  of  the  snake  can  be  taken 
into  the  stomach  of  the  animal  with  impunity ;  its  dangerous  effects  being  only 
exhibited  when  introduced  into  the  circulation  by  a  wound.  It  would  be  interest- 
ing to  note  its  influence  on  the  animal  when  applied  externally  to  the  skin,  to 
see  whether  its  deadly  effects  would  be  modified  by  the  absorbents. 

X  It  should  be  stated,  in  order  to  show  that  animals  were  readfly  affected  by 
the  poison  of  the  snake,  that  a  short  time  previous  to  its  death,  a  rat  bitten  by 
it  died  in  about  two  hours. 

I  This  was  probably  owing  to  the  small  quantity  of  the  poison  inserted  in 
each  case. 

^  In  this  respect  the  effects  of  this  poison  on  plants  resembles  strikingly,  in  its 
beginning  and  progress^  the  disease  which  has  for  the  last  few  years  affected  so 
much  the  potata 
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11.  Obsektations  on  the  Freezing  or  VsoETABLESt  and  on  the 
Cau8E8  which  enable  some  Plants  to  endure  the  action 
OF  extreme  Cold.  By  John  Le  Contb,  M.  D.,  Professor  of 
Natural  Philosophy  and  Chemistry  in  the  UniveiBity  of  €^eorgia. 

In  the  years  1775  and  1777,  John  Hunter  communicated  to  the 
Royal  Society  two  series  of  experiments  on  the  **  Heat  of  A»™^^« 
and  Yegetahles,"  from  which  he  drew  the  inference,  "that  an  ani- 
mal must  be  deprived  of  life  before  it  can  be  frozen  ;^'  and  <^that 
plants  wbep  in  a  state  of  actual  vegetation,  or  even  in  such  a  state 
as  to  b49  capably  of  vegetating  under  certain  circumstancea,  must  be 
deprived  of  their  principle  of  vegetation  before  they  can  be  frozen" 
(PhiL  Trans,  for  1775,  pp.  452  and  454).  Again,  he  says,  '<But  the 
question  is,  is  every  tree  dead  that  is  frozen  ?  I  can  only  say,  that 
in  all  the  experiments  I  ever  made  upon  tre^  and  shrubs,  whether 
in  the  growing  or  active  state,  or  in  the  passive,  that  whole  or  pan 
whidi  was  frozen,  was  dead  when  thawed"  (Phil.  Trans,  for  1778, 
p.  40).  With  res]}ect  to  animaltf  Hunter  concluded  from  his  experi- 
i^jQiltSy  that  when  the  toAole  was  frozen,  the  actions  of  life  couM  never 
be  restored ;  but  that  the  ears  of  rabbits,  and  the  combs  of  cocks 
were  frozen  tvithaut  injnry  to  the  parts  ( Phil.  Trans,  for  1778,  p. 
34  et  seq.).  More  recent  observations  have  convinced  animal  phy- 
siologifits,  that  Hunter's  generalization  was  premature ;  and  that  a 
degree  of  cold  which  absolutely  freezes  their  bodies  is  not  equally 
fiital  to  all  classes  of  animals.  The  warm-bk>oded  vertebrata  are  de- 
stroyed  by  it ;  and  many  insects,  in  their  perfect  state,  are  said  to 
suflfer  in  like  manner.  On  the  other  hand*  many  fishes,  and  some 
reptiles,  may.  be  cpmipletely  frozen  without  their  vitality  beis^  ne- 
cessarily lost.  Sir  John  Franklin^  Pallas,  Bell,  and  many  others  re- 
late, that  certain  species  of  fish,  which  are  found  imbedded  v^  the 
ice  of  the  polar  regions, 'are  restored  to  life  when  thawed.  Heame, 
in  his  Journey  from  Hudson^s  Bay  to  the  Northern  Ocean,  mentions 
his  having  found  various  species  of  frogs  so  completely  frozen  that 
their  leg^  were  as  brittle  aa  pipe-stems,  and  which  resumed  their  | 

natural  movements  when  exposed  to  a  genial  heat.  If  permitted  to  | 

freeze  again  after  being  thawed,  they  never  recovered.  He  found 
spiders  and  grubs  in  a  like  frozen  condition,  with  the  same  powers 
of  revivification  on  exposure  to  a  warm  atmosphere  (  Vide  Heame's 
Journey  from  Prmce  Wales'  Fort,  Hudson's  Bay,  to  the  Northern 
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Ocean,  pp.  397  et  398,  Lond.  1795).  The  larvm  of  iiiftects  ate  equal- 
ly tenacious  bf  ritality.  Lister,  Bonnet,  and  others,  haye  found  ca« 
terptllars  so  frozen  that,  when  dropped  into  a  glass,  they  chinked 
IHte stones;  bat  that  they  nevertheleas  revived.  The  Papilio  brdsiica 
has  been  produced  from  a  larva  which  had  been  exposed  to  a  cold 
cf  0^  Fahr.,  and  which  had  become  a  \ntxfp  of  ice.  Spallanzani  found 
that  exposure  to  a  temperature  of  ^38^  or  even  -—56^  Fahr.  did 
not  destroy  the  fertility  of  the  ova  of  silk-worms ;  and  the  eggs  of 
th6  slug  have  been  subjected  to  a  cold  of  —40^  Fahr.  without  inju- 
ry. The  following  experiment  upon  caterpillars,  tried  in  Sir  John 
Boss'  voyage,  seems  to  be  perfectly  satisftictory  on  this  point.  Thirty 
larv8S  of  the  Luria  n)»ni  vi^ere  put  in  a  box,  and  exposed  to  the 
winter  temperature  for  three  months;  on  bringing  them  hito  the 
cabin,  every  one  &i  them  returned  to  life  and  walked  about.  They 
were  again  exposed  to  an  atmosphere  of  —40^  Fahr.,  and  instantly 
b<»came  refl-ozen ;  after  a  week^  they  were  brought  again  into  thd 
cabin,  and  twenty-three  returned  io  life.  These  were  again  e^tposed 
asnd  refrozen ;  and,  affer  being  solid  fer  another  week,  devm  of' them 
recovered  on  being  brought  into  the  cabin.  A  foufth  time  they  were 
frozen,  and  only  two  survived  (Vide  Carpenter's  Principles  of  Ge- 
neral and  Comparative  Physiology,  2d  ed.,  Loud.  16i41,  pp.  158, 174 
and  175).* 

The  foregoing  facts  appear  16  indicate,  that  the  power  of  revivifi- 
ettiion  af^er  the  complete  congelation  of  the  ^ids,  is  confined  to 
animals  in  which  the  function  of  calorification  is  imperfectly  per- 

*  'Rie  recent  obBervatidnd  6f  Trot  J/jkts  Paow  seem  to  show,  contraiy  to  the 
opinioti  of  HuTfTEB,  thai  it  is  not  by  tiie  porwer  of  A  vital  principle  thfit  egg* 
Maiit  the  in^enee  of  cold.  His  experiments  prore,  "that  certain  tilings  wiH 
destroy  the  power  of  resisting  cold,  withOnt  affecting  the  capability  of  being 
developed,  and  of  therein  manifesting  the  best  evidence  of  life ;  and  that  when 
eggiB  yield  to  the  influence  of  intense  cold,  they  are  not  damaged  unless  they 
are  frozen,  and  are  not  kUled  even  when  frozen."  "The  experiments  thus  remove 
ithm>8t  the  only  remainikig  support  6t  I3ie  hypothesis  that  such  i  vital  principle 
may  exist  m  organized  bodie^  as  may  enable  fhem,  even  wh^e  inactive  and  dis- 
^splaying'  no  other  signs  of  fife,  to  resist  passfveTy  the  influence  of  physical 
ftrees.^  Prof.  Paget  thinks,  that  the  fact  that  the  temperature  of  eggs  may  be 
reduced  far  below  lihe  freezing  point  withont  being  frozen,  is  due,  not  to  any 
vital  principle,  but  to  some  peculiarity  of  the  mechanical  constitution  of  the 
albumen,  "by  means  of  which  the  water  combined  with  it  is  held  so  steadily, 
tliisi  die  agitation  favourable,  or  even  necessary,  to  the  freeing  at  or  near  32^, 
«auiii(»e  take  phkc^  (  Vid«  PhlL  Trans,  fbr  ISfiO,  pw  221  et  Beq^j, 
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tanned,  and  in  which  all  the  vital  processes  are  obscurely  manifested. 
As  all  the  functions  of  vitality  are  still  more  obscurely  performed  in 
plants,  we  should  naturally  expect  them  to  be  endowed  wkh  a 
nmilar  power  of  resisting  the  destructive  effects  of  freezing.  Never- 
theless, the  most  eminent  writers  on  vegetable  physiology  seem  to 
be  very  general  and  decided  in  the  opinion,  that  the  campUU  solidi- 
fication of  the  fluids  of  a  plant  nec€99arily  and  inevitahly  resultt  im 
iti  death.  For,  although  it  is  well  known  to  practical  horticulturists, 
that  the  pernicious  consequences  of  severe  cold  on  growing  vegeta- 
bles may  be,  to  some  extent,  obviated  by  careful  and  gradual 
thawing ;  yet,  it  is  thought  that,  in  such  cases,  the  freezing  is  incom- 
plete, and  does  not  involve  ail  of  the  structures  of  the  plant.  Thus, 
for  example,  M.  Aug.-Pyr.  De  Candolle,  after  enumerating  the 
effects  produced  by  a  partial  freezing  of  the  internal  parts  of  trees, 
in  which  the  alburnum  is  the  only  part  attacked  and  disorganized, 
giving  rise  to  what  are  called  gditmrea,  remarks  :  '<Enfin»  si  le 
gelest  assez  fort  pour  attendre  le  liber,  alcrs  la  branche  ou  Parhre 
dotU  le  liber  gele  perit  presque  toujoun,  soit  que  la  gel^e  du  liber  soit 
un  signe  de  la  gelee  totale  de  I'aubier,  soit  que  le  r61e  du  liber  soit 
lui-m6me  plus  important  et  lie  avec  la  congelation  de  tous  les  bour- 
geons" (Physiologie  V^g^tale,  tome  3,  p.  1119,  Paris  1832).  Again 
he  says,  "  Si  elle  (la  temperature)  descend  au-dessous  de  la  cong^ 
lation,  elle  solidifie  d'abord  Teau  situ^e  k  I'exterieur  du  vegetal,  et 
arr^te  d'autant  la  nutrition ;  puis  elle  atteint  les  liquides  aqueux 
renfermds  dans  le  tissu  vegetal  :  en  les  congelant,  elle  les  dilate ;  de 
cette  dilatation  r^sulte  la  mart  du  vegetal  ou  dujragment  de  laplante 
oii  elle  a  lieu,  soit,  comme  I'ont  cru  plusieurs  auteurs,  par  la  rupture 
des  cellules  et  des  vaisseaux  (fait  que  les  recherches  recentes  de  M. 
Gceppert  rendent  au  moins  tres-douteux),  soit  par  la  ddnaturation 
des  sues  eux-m6mes  que  la  gel^e  tend  k  s^parer  en  parties  plus  ou 
moins  susceptibles  de  congelation,  soit  simplemeut  par  un  effet  vital 
sur  le  tissu  des  cellules"  (Op.  cit.  supra,  tome  3,  p.  1101).  Prof  J. 
S.  Henslow  remarks,  that,  "  When  the  sap  is  frozen,  the  cells  and 
vessels  in  which  it  is  contained  are  ruptured,  and  the  parte  eubjected 
to  such  an  accident  die**  (Principles  of  Descriptive  and  Physiolo- 
gical Botany,  Lardner's  Cabinet  Cyclopaedia,  p.  297,  London  1844). 
Again,  the  same  botanist  says,  that,  "  Whenever  the  sap  does  freeze, 
it  produces  the  effect  technically  termed  « shakes'  "  (probably  the 
roulure  of  the  French)  "  in  timber  trees,  which  consists  in  a  ten- 
dency in  the  separate  layers  of  wood  to  disunite"  (Op.  ciL  supra* 
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p.  173).  References  migbt  be  niuliiplied  to  show  how  universal  this 
opinion  is  annong  the  best  vegetable  physiologists.  Althongh  most  of 
them  reject  the  idea  of  Hunter,  that  a  plant  must  be  deprived  of 
the  principle  of  vegetation  before  it  can  be  frozen ;  yet  they  appear 
to  be  almost  unanimous  in  the  opinion,  that  after  complete  congela- 
tion it  necessarily  dies.  It  is  true,  that  several  facts  which  seem  to 
contravene  this  opinion  have  not  failed  to  arrest  the  attention  of 
several  botanists.  Thus,  M.  De  CandoUe  cites  the  fact,  attested  by 
M.  Thouin,  that  the  cases  of  apple-trees  sent  to  Moscow  arrived 
there  in  a  frozen  condition,  and  that  a  great  part  of  them  were  saved 
by  gradual  and  slow  thawing  (Physiologie  V^g^tale,  tome  3,  p, 
1122).  It  appears,  however,  that  such  phenomena  have  attracted  but 
little  attention,  and  provoked  no  scientific  research ;  they  have  re* 
mained  barren  and  isolated  facts  in  the  field  of  science. 

From  a  careful  examination  of  Hunter's  experiments,  I  am 
surpiised  that  either  he  or  his  successors  should  have  drawn  such 
conclusions  as  have  been  deduced  from  them  in  relation  to  the  effect 
of  cold  on  vegetables.  For  example,  we  will  cite  his  second  experi* 
ment  in  his  earlier  paper  :  ''A  young  Scotch  fij:,  which  had  two 
complete  shoots  and  a  third  growing,  and  which  consequently  was 
in  its  third  year,  was  put  into  the  cold  mixture  which  was  between 
15°  and  17°  Fahr.  The  last  shoot  was  froze  with  great  difficuhy ; 
which  appeared  to  be  owing  in  some  measure  to  the  repulsion  be- 
tween the  plant  and  the  water.  When  thawed,  the  young  shoot  was 
found  flaccid.  It  was  planted  :  the  first  and  second  we  found  retained 
life  ;  while  ihe  third,  or  growing  shoot,  withered  "  ( Phil.  Trans,  for 
1775,  p.  451).  Again,  in  his  second  series  of  experiments,  when  the 
temperature  of  the  air  was  16°  Falir.,  he  found  a  thermometer  in- 
serted into  the  trunks  of  a  number  of  species  of  trees  to  stand  at  17*^ 
Fahr.  Now,  he  found  that  the  sap  taken  from  the  walnut  tree  on 
which  he  made  the  experiment,  would  freeze  at  32^ ;  and  further- 
more, that  the  sap  which  filled  an  old  hole  which  he  had  made  in  the 
same  tree,  became  frozen  when  the  temperature  of  it  was  31°  Fahr. 
Assuming  that  the  juices  of  the  tree  tcere  not  frozen  when  their  tem- 
perature was  17°  Fahr.,  Hunter  very  naturally  inquires  :  "  Now, 
since  the  sap  of  a  tree,  when  taken  out,  freezes  at  32°  Fahr. ;  also» 
since  the  sap  of  the  tree,  when  taken  out  of  its  proper  canal,  freezes 
when  the  heat  of  the  tree  is  at  31°  ;  and  since  the  heat  of  the  tree 
can  be  as  low  as  17°  Fahr.  without  freezing,  by  what  power  are 
the  juices  of  the  tree,  when  in  their  proper  canals,  kept  fluid  in 
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such  cold  t  Ift  it  the  pnoQipl^  of  ^eg^tation  V  (PbiL  TraoB.  for 
1778,  pp.  47,  48).  Hunter  has  not  informed  ub  in  what  manner  ^ 
aBcertained  that  the  juices  of  the  tree  were  not  froxen  when  their 
temperature  was  17°  Fahr. ;  but  the  presumptLcm  is,  that  he  had  no 
other  reasQU  for  thinking  so*  than  the  fact  that  the  tree  vhu  trnt 
lulled^  He  appears  to  h^ve  been  ho  much  prepossessed  with  the  idea 
that  plants  "  must  be  deprived  of  their  pinciple  of  vegetation  be- 
fore they  can  be  frozen,"  that  he  never  thought  of  determining,  by 
direct  observation,  whether  or  not  the  sap  of  the  tree  was  actuary 
frozen  wheu  its  temperature  was  17°  Fahr.  The  very  first  prind- 
pies  of  philosophizing  demand,  that  it  should,  be  clearly  and  unde- 
niably established  as  a  tnatUr  ofjactf  that  every  case  in  which  the 
sap  of  a  plant  ii/rozen,  is  invariably  followed  by  the  death  of  die 
whole,  or,  at  leasti  of  the  part  congealed,  before  the  fact  of  its  hav- 
ing survived  can  be  made  the  basis  of  the  conclusion  that  congela- 
ticm  of  the  juices  had  not  taken  place.  The  assumption  is  made  that 
a  plant  which  is  not  killed  by  cold,  never  was  frozen ;  and  then,  theo- 
ries are  framed  to  account  for  the  presumed  fact ! 

Impressed  with  this  fundamental  idea,  all  attempts  which  have 
been  made  by  modern  phytologists  to  explain  how  vegetables  en- 
dure the  action  of  excessive  cold,  resolve  themselves  into  an  enu- 
meration of  the  possible  causes  which  may  prevent  their  juices  from 
freezing.  M.  Aug.-Pyr*  De  Candolle  has  investigated  the  action  of 
these  causes  with  his  characteristic  sagacity  (Physiologie  V^g^ale, 
tome  3)  p.  1101  et  seq.).  The  causes  to  which  this  assumed  reris- 
tance  to  freezing  has  been  ascribed  may  be  reduced  to  ^ve  :  1.  A 
certain  amount  of  proper  heai,  generated  by  physiological  actions ; 
i.  The  viscosity  of  the  juices,  lowering  the  freei^ing  point ;  3.  The 
distribution  of  the  sap  through  minute  vesicles  and  capillary  vessels, 
depressing  the  point  of  congelation  still  further ;  4.  The  warmth  of 
the  ground  from  which  the  sap  is  pumped  up ;  5.  The  low  con- 
ducting power  of  concentric  layers  of  bark  with  entangled  air 
included  in  their  meshes,  and  of  the  wood  itself,  which  is  less  trans- 
versely than  longitudinally.  We  shall  examine  the  adequacy  of  each 
of  these  causes  to  account  for  the  facts. 

1.  The  experiments  of  J.  Hunter,  Schcepff,  Bieiicander,  PicteC 
and  Maurice,,  Schubler.  and  Neuffer,  Hermstasdt,  Nau,  Gteppert,  and 
others,  have  shown  that  the  interior  of  the  trunks  of  large  trees 
possesses,  during  winter,  a  temperature  several  degrees  higher  than 
that  of  the  surrounding,  airl  But,  M*  De  Canddlle  and  others  have 
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very  reasonably  doubted  whether  known  physical  causes  might  not 
be  sufficient  to  account  for  the  fact,  without  the  necessity  of  as- 
cribing it  to  the  rteult  of  any  physiological  action.  By  recent  experi- 
ments, however,  made  with  instruments  of  great  susceptibility  to 
changes  of  temperature — such  as  the  thermo-multiplier  of  Nobili  — - 
MM.  Dutrochet,  Becquerel  and  Breschet,  have  demonstrated,  that 
in  those  parts  of  plamts  in  which  the  vital  processes  are  taking 
place  with  activity,  an  appreciable  amount  of  caloric  is  constantly 
evolved.  The  ambunt  of  this  evolution  of  heat  is  generally  very  law, 
not  more,  in  fact,  than  a  singU  degree  ( Fahr.)  in  the  herbaceous 
parts  of  actively-growing  plants ;  and  as  it  does  not  more  than 
counterbalance  the  effect  of  evaporation,  which  is  continually  taking 
place  from  the  surface,  there  is,  ilnder  ordinary  circumstances,  so 
far  as  thu  cause  is  concerned,  no  sensible  difference  between  the 
temperature  of  the  plant  and  that  of  the  surrounding  atnibsphere 
(  Vide  Ajm,  det  Sci,  iV.  S,,  tome  12  ;  also,  Carpenter's  General  and 
Comparative  Physiology,  2d  ed.  Lond.  1841,  p.  417).  During  the 
winter,  when  these  functions  are  comparatively  dormant^  w6  cannot 
suppose  that  diey  operate  at  all  in  resisting  any  atmospheric 
changes  which  might  be  injurious  to  vegetation.  Nevertheless,  as 
vital  changes  are  taking  place  with  more  or  less  activity  at  all 
periods,  this  may  be  regarded  as  a  vera  causa  ;  but  its  effect,  so  far 
as  the  prevention  of  freezing  is  concerned,  must  be  considered  ab- 
solutely infinitesimal, 

2.  That  the  freezing  point  of  the  juices  of  plants  is  but  sligMy 
depressed  below  that  of  water,  by  the  admixture  of  gum,  mucilage, 
and  other  products  of  vegetation  which  impart  viscidity  to  them, 
has  been  demonstrated  by  direct  experiment.  Hunter  fbund  the 
freezing  point  of  vegetable  juices  when  squeezed  out  of  a  green 
plant,  to  vary  from  29°  to  32**  Fahr.  In  several  experiments  on  the 
freshly  expressed  juice  of  the  strawberry,  I  found  the  freezing  point 
to  vary  from  28°  to  30°  Fahr. ;  and,  in  every  case,  the  temperature 
€tfter  congdatum  was  30°  Fahr.  It  is  extremely  probable,  nay«  almost 
certain,  that  the  freezing  point  may  vary  with  the  degree  of  iuspts- 
satioa  of  the  sap,  and  may  consequently  be  different  for  different 
plants,  and  at  different  seasons  of  the  year  in  the  same  plant;  and, 
moreover,  that  it  may,  on  this  account,  be  somewhat  lower  in  winter 
than  in  spring  or  summer.  It  is  also  probable,  that  the  admixture  of 
certain  peculiar  organic  products  may  lower  the  freezing  point  of 
the  sap  of  particular  plants.  Thus,  it  is  well  known  to  chemists  that 
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the  point  of  congelation  of  good  oil  of  turpentine  is  as  low  aa  14® 
Fahr. ;  and,  perhaps,  the  presence  of  this  proximate  priociple  may 
tend  to  prevent  the  sap  of  the  conifer®  from  freezing  in  moderate 
degrees  of  cold.  In  the  present  state  of  our  knowledge,  it  is  impos- 
sible for  us  to  assign  a  definite  quantitatiDe  value  to  the  influence  of 
viscoiity  in  lowering  the  freezing  point  of  the  juices  of  vegetables; 
but  it  is  certain  that  it  cannot  amount  to  many  degrees  of  tempera- 
ture*. It  must  have  $eme  influence,  and  must  therefore  be  locked 
upon  as  a  vera  causa  acting  in  the  right  directum ;  but  in  cases  of 
extreme  cold,  this  cause  is  obviously  inadequate  to  prevent  the  super- 
vention of  congelation* 

3.  Prof  Henslow  seems  to  think,  that  ''the  chief  protection  against 
the  sap  freezing  in  the  trunks  of  trees  is  the  circumstance  of  its  being 
contained  in  extremely  minute  vesicles  and  capillary  vessels ;  for  it 
has  been  shown  that  water  will  resist  a  temperature  of  16^^  Fahr. 
under  similar  circumstances ;  and  all  viscid  fluids  are  still  more  diffi- 
cult to  freeze  than  water"  (Op.  cit,  ante,  p.  173).  It  is  unquestiona- 
bly true,  that,  by  taking  certain  precautions,  water  may  be  cooled  15 
or  even  20  degrees  of  Fahrenheit's  scale  below  the  proper  freezing 
point,  without  the  supervention  of  solidification.  The  enential  am- 
ditian  of  success  in  the  experiment,  is,  that  it  must  be  cooled  without 
the  dighteet  agitation,  and  no  angular  body  be  in  contact  with  it ; 
for  the  instant  any  solid  body  is  dropped  into  water  cooled  below 
its  freezing  point,  or  a  tremor  is  communicated  to  it,  congelation 
commences,  and  the  temperature  starts  up  to  32®  Fahr.  (Graham's 
Elements  of  Chemistry,  Am.  Ed.  Phila.  1843,  pp.  60  et  51).  It  is 
Yery  obvious  that  this  neceesary  condition  is  most  effectually  secured 
by  placing  the  water  in  capillary  tubes;  for  the  adhesion  of  the  fluid 
to  the  sides  of  the  tubes  must  tend  to  maintain  it  in  that  stale  g( 
absolute  repose  upon  which  the  success  of  the  experiment  depends. 
Thus,  Dr.  Thomas  Thomson  succeeded  in  cooling  water  in  thermo- 


*  The  faot  that  the  tpecifie  gromty  of  the  mp  of  plants  is  hut  slightly  abore 
that  of  water,  affords  presamptiye  evidenoe  that  the  freezing  point  ean  be  but 
litUe  below  82®  Fahr. ;  for  experiments  on  the  admiztture  of  aalta  with  water 
•bow  that  the  deprenion  of  the  freeang  point  ia  nearly  proportional  to  tbo 
inareaae  of  dmmiy*  Knight  found  that  the  aap  of  the  Acer  piantamMst,  in  the 
springs  coUeeted  oloae  to  the  ground,  had  a  speoifie  gravity  of  1,004;  at  7  feet 
above  the  ground  it  beeame  1,006 ;  and  at  12  fee^  1,012  (  Vide  PhiL  Tnm.  lor 
1805,  pp.90et91> 
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meter  tubes  to  8^,  and  once  to  5^  Fahr.,  before  tt  began  to  freeze 
( Vide  Heat  and  Electricity,  London  1830»  p.  175 ).  In  the  case  of 
trees  and  shrubs,  we  have  no  means  of  ascertaining  how  far  the 
indispensable  condition  of  absolute  repose  may  be  subverted,  by  the 
perpetual  agitation  to  which  their  branches  and  more  flexible  parts 
are  sul^ected  through  the  action  of  winds ;  but  it  seems  to  me, 
that  in  the  case  of  plants,  the  distribution  of  the  fluids  through 
capillary  vessels  can  have  but  slight,  if  any,  influence  in  the  pre- 
vention of  their  congelation. 

4.  We  have  already  alluded  to  the  fact,  established  by  the  experi- 
ments and  observations  of  many  distinguished  physiologists,  that 
the  interior  of  the  trunks  of  large  trees  possesses,  during  winter,  a 
temperature  considerably  above  that  of  the  surrounding  atmosphere. 
It  has,  likewise  been  shown  that  this  heat  is  not  produced  by  the 
physiological  actions  which  are  taking  place  in  the  plant;  the 
amount  generated  by  this  cause  being  wholly  inappreciaUe.  M. 
Aug.-Pyr.  De  Candolle  very  justly  ascribes  this  uniformity  of  tem- 
perature of  the  interior  of  trees  to  the  circumstance  of  their  roots 
penetrating  the  earth  to  a  depth  where  the  soil  is  always  warmer 
than  the  atmosphere  in  winter  and  cooler  in  summer,  and  imbibing 
moisture  which  must  necessarily  partake  of  this  influence.  Hence  it 
has  been  observed,  that  the  internal  parts  of  large  trees  retain  a 
temperature  which  is  about  equal  to  that  of  the  soil  at  the  mean 
depth  to  which  their  roots  penetrate  {Physiologie  Vegeialet  tome  2, 
p.  879  et  seq. ;  also  tome  3,  pp.  1101,  1102, 1108).  There  can  be  no 
doubt  that  this  is  the  chief  cause  of  the  uniformity  of  temperature 
of  the  interior  of  the  trunks  of  large  trees  ;  but  when  considered  as 
a  resource  agdnst  the  effects  of  extreme  cold,  it  is  necessary  to 
suppose  that  its  protective  action  extends  to  the  remotest  branch 
and  most  minute  twig.  Now,  it  will  hardly  be  contended  by  any 
one,  that  a  small  branch  of  a  tree,  situated  80  or  100  feet  from  the 
ground,  will  have  its  temperature  appreciably  modified  by  the  tardy 
pirculatiou  of  sap  which  takes  place  during  the  winter.  In  fact,  di- 
rect observations  show  that  the  temperature  of  the  interior  of  small 
trees,  shrubs,  and  twigs,  is  sensibly  the  same  as  that  of  the  sur- 
rounding atmosphere;  and  the  difference  becomes  more  apparent 
the  larger  the  trunk  on  which  the  observation  is  made,  and  the 
nearer  it  is  to  the  ground.  It  is  manifest,  therefore,  that,  so  far  as 
the  buds  and  smaller  branches  are  concerned,  the  cause  under  con- 
sideration can  have  no  pradieal  influence  in  enabling  vegetables  to 
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resist  the  vxtietx  of  excessive  eold  :  its  effect  must  be  mfinitedmal. 
Moreover,  it  will  be  shown,  hereafter,  that  perennial  plants,  and 
even  large  forest  trees,  endure  the  intense  cold  of  a  Siberian  vm- 
ter,  when  their  rooti  are  imbedded  in  a  toil  which  is  frozen  more  than 
ane-hdffqf  the  year, 

5.  After  what  has  been  said  above»  it  is  unnecessary  to  dwell  on 
the  influence  of  the  bad  conducthig  power  of  the  concentric  layers 
of  bark,  or  on  the  greater  facility  with  which  the  wood  itself  trans- 
mits heat  longitudinally  than  transversely,  as  proved  by  the  experi- 
ments of  MM.  Aug.  De  La  Rive  and  Alph.  De  Candolle  (Mem, 
8ae.  de  Pkys.  de  Geneve,  vol.  4,  p.  71 ;  also,  Ann.  de  Phyt.  40,  p. 
91 ).  These  circumstances  only  prevent  the  supply  of  caloric  which 
is  pumped  up  by  the  roots  from  the  warm  earth,  from  being  carried 
off;  but  as  we  have  shown  that  no  appreciable  amount  of  this  heat 
ean  possibly  reach  the  extreme  twigs  and  buds,  it  is  sufficiently  evi- 
dent that  the  low  conducting  power  of  the  woody  layers  and  bark 
can  have  no  sensible  influence  in  resisting  any  atmospheric  changes 
which  might  be  injurious  to  these  portion  of  plants*. 

It  is  proper  to  i*emark,  that  until  quite  recently,  I  participated  in 
the  opiaion  so  generally  prevalent  among  the  most  eminent  phyto- 
logists,  that  the  sap  of  trees  and  shrubs  which  are  uninjured  by 
extreme  cold,  is  never  frozen.  I,  therefore,  entered  upon  the  investi- 
gation with  all  my  prepossessions  in  favor  of  the  commonly-received 
opinion  in  relation  to  this  subject.  Nevertheless,  the  glaring  inade- 
^[uacy  of  all  the  causes  which  have  been  assigned  to  explain  Uie 
presumed  fact,  induced  me,  during  the  winter  of  1850-51,  to  insti- 
tute a  series  of  observations  and  experiments,  with  the  view  of  ob- 
taining clearer  ideas.  The  sequel  will  show  that  I  was  very  soon 
driven  to  the  conclusion  that  the  frtndamentai  idea  is  erroneous, 
and  that  plants  do  become  frozen  without  the  slightest  injury  to  them. 

On  the  morning  of  the  18th  of  November  1850,  I  found  the  leaves 
of  the  common  garden  cabbage  covered  with  hoar-frost  on  both  sur- 
faces, and  so  completely  frozen  as  to  be  quite  rigid  and  stiff.  On  more 
minute  examination,  it  was  found  that  the  fluid  contained  in  the  pe- 
tioles, as  well  as  that  of  the  midribs  and  lateml  veins,  was  completely 


*  These  considerations  seem  to  show,  that  those  phytologists  who  are  disposed 
to  look  at  this  subject  in  a  teleological  point  of  view,  have  mbtaken  the  true 
office  of  the  9eales  which  envelope  the  buds  of  plants  :  they  can  aflford  no  pro- 
teotioB  against  the  aetiozi  of  cold. 
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fr(>sen.  Bj  makiiig  a  trmowene  or  longitucliDftl  sectiott  of  them,  die 
icicles  could  be  scraped  out  with  the  edge  of  a  knife.  No  indications 
of  congelation  could  be  detected  in  the  parenchyma  and  smaller 
veinlets.  At  the  time  these  observations  were  made,  J.  had  no  thermo- 
meter with  me ;  but  the  weather  was  quite  moderate  :  the  tempera- 
ture at  sunrise  could  not  haira  been  below  2B^  Fahn  The  cabbages 
were  uninjured,  although  most  of  them  were  exposed  to  the  direct 
action  of  the  sun.  Subsequently,. the  leaves  of  the  Gardenia  Jhrida 
were,  on  seyeralr  occasions,  observed  to  be  frosen  during  the  frosty 
mornings  in  December.  They  were  curled  backwards,  and  were  so 
rigid  as  to  break  when  an  attempt  was  made  to  bend  themi  The 
foliage  was  not  injured  by  this  degree  of  cold,  although  it  is  by  no 
means  a  hardy  plant. 

Doubtless  such  facts  are  familiar  to  every  practical  horticulturist : 
nevertheless,  I  was  anxious  to  ascertain  whether  the  freezing  ever 
involved  the  woody  structures ;  and«  if  so,  what  was  the  effect  on  the 
plant.  As  the  winter  advanced,  other  opportunities  presented  them- 
selves for  extending  these  observations.  On  Uie  morning  of  the  30th 
of  January  1851,  the  temperature  being  18°  Fahr.,  I  examined  I  he 
larger  stems  of  a  number  of  roses  in  my  garden,  and  found  the  fluids 
of  the  bark  and  liber  of  all  of  them  compleldy  Jtazen^  presenting  « 
policed  vitreous  surfhce  when  cutbpa  sharp  knifi.  The  fluids  freely 
exuded  from  abraded  portions  of  the  bark,  as  soon  as  they  were 
thawed  by  the  warmth  of  the  hand,  or  by  removal  to  a  warm  room. 
The  branches  of  the  Pui/us  Ictda,  some  of  tbem  more  than  a  half 
inch  in  diameter,  were  found  to  be  so  brittle  as  to  snap  under  a 
very  slight  degree  of  flexure.  The  fluids  appeared  to  be  congealed  ; 
for  no  gum  exuded  from  the  fractured  extremity,  until  it  was  brought 
into  a  warm  atmosphere.  These  observations  were  repeated,  and  ex- 
tended to  other  perennial  plants,  on  the  morning  of  the  31st  of  Janua- 
ry 1851>  when  the  temperature  of  the  atmosphere  was  13,5°  Fabr., 
wth  precisely  identical  restdts.  It  is  almost  needless  to  state,  that  the 
roses,  pines,  and  other  plants  examined,  Were  uninjured. 

The  foregoing  observations  afforded  no  very  satbfactory  informa- 
tion in  relation  to  the  condition  of  the  fluids  of  the  proper  tffoody 
structure  :  they  only  furnished  positive  evidence  vrith  respect  to  the 
state  of  the  juices  contained  in  the  succulent  layers  of  the  inner  hark. 
During  their  progress,  I  endeavored  to  examine  some  transparent 
sections  of  the  plants  by  means  of  a  compound  microscope ;  but  it 
was  found  to  be  so  difficult  and  unpleasant  to  carry  on  such  obs^ra- 
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tions  in  the  open  air,  that  I  determined  to  make  use  of  urtifiddl  cM 
in  the  prosecution  of  the  investigation.  With  this  view,  the  follow- 
ing experiments  were  instituted  ;  the  frigorific  agent  being  a  mix- 
ture of  snow  and  common  salt 

For  the  purpose  of  testing  the  effects  of  cold,  I  selected  the  inter* 
nodal  portions  of  a  vigorous  freshly-cut  elder  stalk  (SamhucM  cana- 
densisj,  of  about  one  inch  in  diameter  :  the  diameter  of  the  pith 
vas  nearly  one  KaJlf  that  of  the  stalk.  The  pith  of  this  plant  is  sur- 
rounded by  a  zone  about  ^'^th  of  an  inch  in  thickness,  which  is  more 
succulent  than  the  central  portions  of  the  pith  proper,  and  from  which 
fluid  could  be  readily  pressed  by  lateral  compression  i%  sifu  with 
the  back  of  a  knifa  A  smaller  but  sensible  quantity  of  fluid  could, 
likewise,  bo  expressed  from  any  portion  of  the  pith,  so  as  to  appear 
on  the  cut  surface,  and  which  would  disappear  as  soon  the  compress* 
ing  force  was  withdrawn.  It  was  also  found  that  fluid  appeared  at 
the  transverse  cut  surface  of  the  liber,  when  pressed  against  the  sub- 
jacent wood  at  the  extremities.  It  was  hoped  that  the  application  of 
the  foregoing  tests  would  enable  us  to  ascertain,  with  considerable 
certainty,  whether  the  juices  of  these  portions  of  the  plant  could  be 
readily  frozen,  independently  of  any  light  which  microscopic  exa- 
mination might  throw  upon  the  question. 

Ezperment  No.  1.  Feb.  2d,  1851,  1  o'clock  p.m.  ;  the  tempera- 
ture of  the  room  being  42°  Fahr.,  and  that  of  the  freezing  mixture 
varying,  during  the  experment,  from  2°  to  5°  Fahr.  With  the  view 
of  excluding  the  direct  contact  of  the  frigorific  mixture,  the  inter- 
node  of  elder  was  inserted  into  a  water-tight  tinned  sheet-iron  case 
or  cylinder,  of  nearly  the  same  diameter  as  the  stalk  :  the  whole 
was  plunged  vertically,  and  in  the  natural  groyriog  position,  into  the 
freezing  mixture,  about  Jths  of  the  intemode  being  below  the  sur- 
face. At  the  expiration  of  two  hours,  the  stalk  was  removed  from  the 
case  for  examination.  The  extremity  which  was  above  the  cold  mix- 
ture,  was  found  to  be  surmounted  by  a  thin  transparent  coating  of 
ice.  The  fluids  seem  to  have  been  forced  up  along  the  inner  bark 
and  the  succulent  zone  surrounding  the  pith,  by  the  contraction 
which  took  place  in  the  part  of  the  stem  below  the  mixture,  before 
congelation  supervened.  The  loioer  extremity  was  found  to  be  quite 
free  from  external  ice,  and  appeared  comparatively  dry.  The  fluids 
of  the  bark,  as  well  as  those  of  the  succulent  zone  around  the  pith, 
wertf  ohoiously  congealed.  The  frozen  condition  was  rendered  evident, 
br  slicing  the  bark  longitudinally  with  a  sharp  knife  :  the  ioe  could 
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be  Bcraped  off  -mth  tbe  edge  of  the  insfrument  In  like  manner, 
small  maasea  of  solidified  juice  could  be  detached  from  the  succu* 
lent  zone,  as  well  as  the  pith. 

Under  the  microscope,  when  a  transverse  seotton  was  made  with 
a  knife  which  was  artificially  cooled  and  placed  on  a  plate  of  glass 
which  was  cooled  in  the  same  manner,  the  process  of  thawing  was 
quite  conspicuous  and  beautiful,  especially  in  the  succulent  zone.  In 
the  woody  Hrveturt,  the  process  of  liquefaction  was  manifested  by  the 
rapid  appearance  of  bright  apertures,  which  were  merely  translu- 
cent points  when  first  placed  under  the  glass.  Slices  of  wood  whid 
had  not  been  subjected  to  the  influence  of  cold,  presented  no  changes 
under  the  magnifier.  As  it  is  necessary  to  make  the  slices  very  thin, 
in  order  to  secure  the  requisite  degree  of  transparency,  the  diawing 
takes  place  with  great  rapidity.  The  observations  must,  therefi>re,  be 
made  quickly  :  the  knife  with  which  the  slices  are  made,  as  well  as 
the  glass  plate  on  which  they  are  placed  for  examination,  should  be 
artificially  cooled. 

Experiment  No,  2.  In  the  previous  experiment,  the  lower  ex- 
tremity of  the  intemode  of  elder  was  exposed  to  the  action  of  the 
cold;  and  it  might  be  supposed  that  the  frigorific  influence  was 
propagated  along  the  stalk  longitudinally,  the  direction  in  which  the 
experiments  of  MM.  Aug.  de  la  Rive  and  Alph.  de  Candolle  show 
the  conducting  power  of  wood  to  be  the  greatest.  For  the  purpose 
of  obviating  this  difficulty,  a  hollow  tin  cylinder,  six  inches  in  length, 
open  at  both  extremities,  was  passed  transversely  through  the  centre 
of  the  opposite  sides  of  a  small  wooden  box.  Another  recently-cut 
intemode  of  elder  was  thrust  through  the  cylinder,  having  both  ex- 
tremities projecting  several  inches  beyond  the  ends  of  the  metaltic 
ease,  so  that  only  the  middle  portions  would  be  subjected  to  the  fri- 
gorific influence.  On  the  sixth  of  February  1851,  at  one  o'clock  p.  m., 
the  temperature  of  the  room  being  37^  Fahr.,  the  freezing  mixture 
was  introduced  into  the  box.  At  the  end  of  Uoo  hours,  the;  tempera- 
ture of  the  mistture  varying  from  2^  to  6^  Fahr.,  the  stalk  was  with- 
cbrawn  for  Examination.  The  bark  in  the  middle  of  the  part  which 
had  been  exposed  to  the  cold,  wtis  found  frozen  as  in  the  previous 
experiment  :  neither  the  bark,  succulent  zone,  pith,  or  wood  at  the 
extremities,  exhibited  any  indications  of  congelation  of  the  fluids 
contained  in  them.  The  middle  of  the  stalk  was  then  cut  through 
by  means  of  a  small  saw  which  had  been  artificially  cooled.  On 
examining  the  transverse  section,  the  liber  and  succulent  zone  aroond 
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the  pith  were  etidfnidy  ik^zen  s  pordotis  of  eolidiied  sap  oovld  b« 
lamoved .  with  the  point  of  a  knife.  Under  the  microscope,  the  thawing 
of  thin  transverse  slices  of  the  woody  stmctare  was  mamfesced  hy 
a  series  of  changed  identical  with  thoae  observed  in  the  first  experi- 
ment. Indeed*  the  f^yaical  properties  of  the  wood  were  safficiently 
modified  to  indicate  the  frozen  condition  by  the  use  of  a  catting 
instrument  :  it  was  hardor  than  nataral,  and  <Ae  Metiom  yresemied  a 
pMihed  gloisy  appearance.  At  the  Same  time,  a  portion  of  the  brandi 
of  a  PtaiM  tada  was  subjected  to  the  same  degree  of  cold  :  die 
qiicroseope  revealed  the  fact  that  its  jnicee  were,  likewise,  frozen ; 
a  similar  change,  indicative  of  thawing,  behig  clearly  observable. 
EoDperiment  No.  3.  The  foregoing  experiments  were  tried  on 
portions  of  plants  which  had  bees  recently  cot  from  the  parent  stem 
or  branch ;  and  it  might  be  imagined  that  the  case  would  be  <fif- 
ferent  with  a  gromag  plant.  For  the  purpose  of  testing  the  valtdky 
of  this  idea,  two  vigoroitf  shoots  of  the  AUaniAmf  which  bad  been 
planted  in  a  large  box  of  earth,  were,  on  the  nineteenth  of  February 
1651,  submitted  to  experiment.  The  tempdrature  of  the  room  was 
66^  Fahr. :  tliat  of  the  freezing  mixture  varied  from  0  to  5®  Fafar. 
Tin  tubes  were  placed  around  the  base  of  the  stems,  so  as  to  protect 
them  from  the  immediate  contact  of  tl>e  mtxture.  The  frigorific 
material  was  kept  around  each  tube  by  means  of  two  sm^  wooden 
boxea  which  were  perforated  at  the  centre  of  the  bottom,  eo  as  to 
permit  the  tubes  and  coataiiied  stems  to  pass  verticidly  through.  At 
the  expiration  oijimr  hours,  the  cold  mixture  was  removed  from 
one  of  the  shoots,  and  it  waa  cut  through  the  middle  of  the  part 
which  had  been  exposed  to  the  cold.  The  juices  of  the  bark  and 
wood  were  evidently  frozen.  This  was  rendm^d  obrtous  by  placing 
transparent  slieea  of  them  under  the  microscope^  as  in  the  previous 
experiments*  It  was  likewtse  proved  by  the  fbct,  that  at  first,  when 
cut  with  a  cold  knife,  none  of  the  Juiees  were  fiirced  out  by  the 
passage  of  the  outtiog  instnnnem;  but  after  a  short  time,  when 
thawing  had  taken;  place,  aay  attempt  to  sHee  the  wood  transversely 
would  render  the  presence  ef  the  fluids  manileat  on  the  cut  sttrfcoa 
The  other  shoot  waa  allowed  to  remain  und&slarhed  fiyr  ew  h&vre : 
after  which,  the  frigorific  mizfttre  waaremeved^  and  the  box  of  eatdi 
ift  which  it  was  planted  placed  iu  dke*  opeu  alir,  fi»r  ^e  pur^Mse  of 
asoertainiBg  whet  effidct  the  cold  might  have  on  its  mtaUtf,  About 
the  middle  of  March'  the  buds  begte  tO' swell,  and  in  doe  aoason  the 
leases  were  developedl  The  shoots  ^Ailmttkm  on  which  these  ex* 
periments  were  tried,  were  suckers  of  two  years  growth. 
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,.  From  tbe  prpc^ding  expenments,  two  cooohisioiis  seem  Id  be 
legitimately  deducible  :  Firsts  that  tbe  sap  of  certaiii  plants  cai»  fo 
readily  frozeo  by  tbe  (ipplicati«m  of  a  comparatively  moderate  degree 
of  aold.  For  ^tbov^  Uie  temperature  of  tbe  frigortfic  mixtiire  ira* 
ried  from  0  to  6^  F^r^  yet  as  there  was  a  metallie  tube  surromidivg 
tbe  stem,  the  temperature  of  tbe  latter  must  bave  been  considerably 
higher.  Direct  obsenration  proted  tbis  to  be  the  case  :  a  tkermo^ 
meter,  introduced  into  tbe  metallie  oase^  never  indicated  a  tempera^ 
ture  lower  than  15^  Fabr.  It  must  also  be  borne  in  mind,  ^at  as  tbe 
dmratim  of  the  frigorific  action  was  nerer  more  than  from  itco  te 
fimr  hourtt  tbe  petrol  portions  of  the  stems  submitted  to  experiment 
must  bave  possessed  a  temperature  notably  higher  than  die  exterior 
parts ;  and  yet  tbe  structures  around  Me  pUh  were  found  congealed. 
Moreover,  a  degree  of  cold  equal  to  zero  of  Fahrenbdt  is  qnite 
W0derate  in  comparison  with  the  natural  cdd  endured  by  the  very 
plants  on  which  the  experiments  were  performed. 

And  eeoamdiy^  that  covgelation  of  tbe  juicea  of  vegetables  does  nei^ 
as  many  physidlofists  imagine^  necessarily  and  inevitably  resuk  in 
tbe  death  of  the  whole  plant,  or  of  the  part  in  whi<^  it  takes  place ; 
bi^ti  on  the  contrary^  that  frequently  no  imjnrioue  coneefuencee/oHom, 

With  such  a  state  of  facts  before  us,  we  shoidd  naturally  espect« 
that  in  high  latitudes*  the  sap  of  all  perennial  plants  must  be  firoaea 
during  several  of  the  winter  nKWtha.  Sm:hf  I  beUevef  it  the  fact* 
Robert  Boyle  informs  us,  on  the  authority  of  Ci^.  James,  that  at 
Charleton  Island  (now  called  Charles  Island)  in  Hudson's  Bay,  the 
trees  had  to  he  thawed  by  fire  before  they  could  be  cut  down  (Vide 
Boyle's  Works,  vol.  2,  p  274,  (.ondon  1744).  I  have  been  credibly 
infoimed,  that  the  "  lumherere  "  of  Maine  and  New-Hampshire  are 
familiar  with  the  fact,  that  during^  periods  of  extreme  cold,  the  sap 
of  many  of  the  forest  trees  becomes  so  completely  frozen,  that  the 
I^ysical  qualities  of  the  wood  are  alteared  to  such  an  estenr,  thai  it 
ie  dificuk  to  cut  it  Mfith  an  axe.  M,  Duhamel  observes,  that  the  ma- 
plea  in  Canada,  where  tbe  &ost  is  long  aad  severe^  begin^  to  bleed* 
when  wounded,  wilJ^  the  first  thaw>  and  slop  again  when  it  freezes ; 
ai^  tj^a^  this»  in  ft-esty  di^^  oceura  only  on  the  south  side  of  ^m 
tree  (Physique  dee  Arbreh  vd^  2,  p^  258).  In  aU  of  these  cases  it  is 
sufficiently  obvious  that  the  freezing  of  the  sap  oould  not  have  been 
iMi  to  the  life  of  the  trees;  for,  in  tfiateveat»  a  flingleaavere  winter 
would  destroy  every  plant. 

Bu^  perhapN  it  may^  he  gFantedk  thai  tbe  feregonif  esyerimettta 
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and  obBerrfttioiis  are  safficient  to  prove  that  tlie  juices  contained  ia 
the  airiid  or  aaeending  stems  of  many  plants  may  be  frozen  without 
destroying  the  power  of  vegetation ;  and  yet,  it  may  be  asked,  does 
not  the  complete  congelation  of  the  fluids  included  in  all  parts  of 
the  vegetable,  comprehending  the  root  or  descending  axis  and  its 
appendages,  necessarily  result  in  the  destruction  of  its  vitality  1  Even 
the  admission  that  large  portions  of  the  atrial  stem  may  be  frozen 
with  impunity,  impresses  the  character  of  error  upon  the  commonly 
received  opinion  among  many  of  the  most  eminent  phytologists ;  bat 
I  think  facts  are  not  wanting  to  show,  that  the  juices  contained  in  enery 
part  of  some  plants  may  be  congealed  without  injury  to  the  powers 
of  vegetation.  Although  Leopold  von  Buch  and  many  other  phi- 
losophers, even  as  late  as  1825,  were  disposed  to  reject  the  state- 
ment of  the  elder  Gmelin,  that  the  ground  is  perpetually  fh>zen  in 
the  northern  parts  of  Siberia ;  yet  the  fact  has  been  abundantly 
corroborated  in  our  days  by  the  observations  of  MM.  Adolph  £r- 
man,  von  Humboldt,  Hausteen,  Scbergin  and  others.  At  the  town 
of  Yakutsk,  in  latitude  62^,  M.  Schergin  attempted  to  sink  a  well, 
and  was  about  to  abandon  the  project  in  despair  of  obtaining  water, 
when  Admiral  Wrangel  persuaded  him  to  continue  his  operations 
until  he  had  perforated  the  whole  stratum  of  ice.  This  he  did,  and 
kept  a  complete  journal  of  the  work.  The  well  was  dug  to  the  depth 
of  nearly  400  feet,  with  the  following  most  remarkable  results  as  to 
the  temperature  of  the  gi*ound : 

50  English  feet 1S^,5  Fahr. 
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(Vide  Erman,  Comptes  Rend,  de  VAcad.  des  Sciences,  1838,  tome  6, 
p.  601 ;  also,  von  Baer,  in  Edin;  New  Phil.  Joum.,  1838,  vol.  24,  p. 
435).  From  which  it  appears  that  the  soil  at  this  place  is  frozen  to 
the  depth  of  about  400  feet.  Observations  kept  at  Yakutsk  for  a 
series  of  years,  show  that  the  mean  temperature  of  the  year  is  nearly 
14^,5  Fahr.  (Vide  M.  Mahlmann's  table  of  mean  temperatures,  in 
Kaemtz's  Complete  Course  of  Meteorology,  English  Translation  by 
C.  V.  Walker,  London  1845,  p.  177.  Erman  puts  down  the  mean 
temperature  of  this  place  at  18^5  Fahr.).  In  winter,  a  degree  of 
cold  exceeding  ^58^  Fahr.  takes  place  every  year.  The  mean  tern- 
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perature  of  two  winter  months  ia  below  —40^  Fahr. ;  eo  that  mer- 
cury is  solid  for  one-nxth  of  the  year,  and  has  been  known  to  remain 
frozen  during  three  consecutive  months  /  (Vide  Adolph  Erman's  Tra- 
vels in  Siberia,  translated  from  the  German  by  W.  D.  Cooley,  Phil. 
1850,  vol.  2,  p.  278 ;  also,  Comptes  Rendus  ( Paris),  tome  6,  p.  502 ). 
A  comparatively  warm  summer  is  joined  to  this  cold  winter ;  the 
mean  temperature  of  June,  July  and  August,  being  56^,75,  65^,75, 
and  61^,25  Fahr.  respectively,  and  the  maximum  heat  of  the  sum- 
mer day  is  sometimes  as  great  as  77°  Fahr.  During  the  128  days  of 
the  year  in  which  there  is  no  frost  at  Yakutsk,  the  strata  of  eternal 
ice  are  never  thawed  to  a  greater  df^th  than  three  feet ;  and  yet 
"  vegetable  life  continues,  not  merely  uninjured,  but  favored  in  the 
highest  degree  by  the  equable  and  very  rapid  increase  of  heat'' 
(  Erman,  Op.  cit,  supra,  vol.  2,  p.  279  ).  This  is  not  restricted  to  an- 
nual plants ;  for  M.  Erman  in&rms  us,  that  noble  larch  (Pinus  la- 
rixj  forests  flourished  on  the  east  side  of  this  town,  where  their  roots 
rest  upon  inferior  strata  of  perpetually  frozen  earth,  and  where  even 
the  superficial  stratum  in  which  they  are  imbedded  is  frozen  for 
nearly  eight  months  of  the  year !  As  it  is  physically  impossible  that 
the  roots  of  these  trees  can  penetrate  deep  enough  even  to  approach 
the  stratum  of  invariable  temperature  in  this  high  latitude,  the  whole 
plant,  including  the  descending  axis  and  its  appendages  must,  during 
the  winter,  be  exposed  to  a  degree  of  cold  considerably  below  the 
zero  of  Fahrenheit.  Is  it  possible  to  imagine  that  the  sap  of  these 
trees  remains  unfrozen  in  a  climate  where  mercury  is  solid  during 
one-sixth  of  the  year,  and  where  the  stratum  of  perpetual  ground-ice 
extends  to  the  depth  of  400  feet  ?  Here  we  have  an  extreme  case,  in 
which  it  is  sufficiently  obvious  that  no  known  combination  of  vital 
and  physical  causes  could  prevent  the  fluids  contained  in  these  plants 
from  undergoing  congelation  every  winter  :  the  conclusion  seems, 
therefore,  to  be  unavoidable,  that  they  are  actuoMy  frozen  at  this 
period  of  the  year,  and  consequently  that  such  an  accident  is  not 
always  injurious  to  vegetation*. 


*  The  lowest  temperature  that  has  yet  been  obeerved  on  the  earth,  is  probably 
that  noted  by  Neveroff  at  this  place  (  Takntsk)  on  the  twenty-first  of  January 
1838.  "The  instniments  nsed  in  this  observation  were  compared  with  his  own  by 
)fiddendor£^  whose  operations  were  always  eondacted  with  extreme  exactitude. 
Keveroff  found  the  temperature,  on  the  day  above  named,  to  be  — 76^  Fahr." 
(  Humboldt's  Cosmos,  in  Bohn*s  Scientific  Library,  translated  from  the  Gemuun 
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Neither  is  the  example  of  Yakutsk  an  isolated  one ;  for  a  great 
part  of  the  vast  territory  of  Asiatic  Siberia,  and  a  smaller  portion  of 
Europe  and  North  America,  lying  north  of  the  isothermal  line  of 
32^  Fahr.,  support  extensive  forests  of  Birch  (Betula  alhaj,  Norway 
Spruce  (Pinus  aides),  Larch  {P.  larixj,  Cembra  Pine  (P.  cemhraj, 
Scotch  Fir  fP.  sylvestris),  White  Spruce  (P.  alba),  American  Silver 
Fir  (P,haUamea),  and  Black  Spruce  Fir  (P^  nigra),  where  die 
ground-ice  is  perpetual  ( Vide  Johnston's  Physical  Atlas).  These 
facts  appear  to  warrant  the  conclusion  of  M.  Adolphns  SrmaD, 
namely,  that  it  is  now  fully  established,  "that  many  arboresceut 
plants  require,  as  the  condition  of  their  thriving,  only  the  summer 
heat  and  the  humidity  of  the  air  that  suits  them ;  and  that  they  are, 
therefore,  not  only  quite  insensible  to  the  rigor  of  winter,  but,  in 
spreading  over  the  plains  and  mountains  of  the  earth,  are  tohdUy 
independent  of  the  temperature  of  the  ground  or  mean  temperatitr^* 
( Vide  Travels  in  Siberia,  Ed.  cit.  tupra,  vol.  2,  p.  360).  The  de- 
velopment of  leaves  and  vegetation  depends  less  on  the  temperature 
of  the  soil,  than  on  that  of  the  air  in  the  spring  and  summer  :  it 
only  requires  that  the  ground  should  be  so  far  thawed,  that  the  tree 
may  be  able  to  draw  from  it  sufficient  moisture  for  its  growth.  This 
is  especially  true  of  several  species  of  the  coniferse ;  for  many  of 
them  are  enabled  to  brave  the  most  rigorous  winters,  and  pass 
through  all  the  phases  of  flowering  and  fructification,  provided  the 
summer  be  hot  enough  and  of  sufficient  duration. 

But  it  may  be  objected,  that  when  the  sap  contained  in  the  trunks 
of  trees  becomes  frozen,  it  deavee  them  with  a  great  noise  — a  phe- 
nomenon not  uncommon  in  high  latitudes ;  and  that,  therefore,  the 
fact  that  the  majority  of  them  are  not  thus  cleft,  proves  that  their 
juicea  have  not  been  congealed.  It  is  proper  to  remark,  en  passant, 
that  even  in  the  cases  where  the  trunks  of  trees  are  split  by  cold,  it 
does  not  always  result  in  the  death  of  the  plant  \  although  the  wood 
is  generally  rendered  unfit  for  the  purposes  of  timber.  This  effect 
has  been,  almost  universally,  ascribed  to  the  expansion  which  the 
sap  undergoes  during  the  process  of  congelation;  a  force  abun- 
dantly adequate  to  produce  such  a  result,  provided  aU  parts  of  the 
tree  were  perfectly  rigid  and  unyielding.  As  it  is  manifest  that  this 

by  E.  C.  Ott6,  vol  8,  p.  48,  Lond.  1861).  The  maximum  natural  cold  previoudr 
recorded,  U  —70®  Fahr. ;  being  that  observed  by  Capt  Baek  at  Fort  Relianee  in 
January  1884. 
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condition  <2oe»  not  obtain  in  any  tree,  I  am  disposed  to  think  that 
this  opinion  is^  erroneous,  and  that  the  effect  here  referred  to  it  not 
the  rentU  of  the  freezing  of  the  Jluids,  and»  consequently,  is  not  a 
necessary  accompaniment  of  that  phenomenon.  The  following  con- 
siderations have  led  me  to  refer  the  cleaving  of  trees  by  cold,  to  the 
wtequal  contraction  which  takes  place  in  the  trunk  (usually  after  the 
complete  congelation  of  its  juices)  in  consequence  of  a  sudden  de- 
pression of  temperature, 

1.  ObservaUons  show,  that  the  oldest  and  largest  trees  are  usually 
those  which  are  cl^,  while  the  younger  trees  exhibit  no  such  ef- 
fects. In  the  account  given  by  I.  Evelyn  of  the  effects  of  the  great 
frost  which  occurred  in  England  during  the  winter  of  1683-4,  we 
are  informed,  that  "the  rifling  so  much  complained  of,  has  hap- 
pened chiefly  among  the  overgrown  trees,  especially  oaks,*'  whereas 
elms  of  only  25  or  30  years  standing  were  untouched  ( Vide  Phil. 
Trans.,  vol.  14,  p.  559  abridged;  voL  2,  p.  153).  Now,  \i freezing 
of  sap  is  the  cause  of  the  phenomenon,  young  and  small  trees 
would  certainly  be  more  liable  to  be  cleft ;  both  on  account  of  the 
greater  accessibility  of  their  interior  parts  to  the  exterior  atmo- 
spheric changes,  and  the  presence  of  a  greater  amount  of  fluid  in 
their  tissues.  On  the  contrary,  if  the  effect  is  produced  by  the  con- 
traction of  the  exterior  layers  of  wood,  we  should  naturally  expeot 
the  rifting  to  take  place  in  old  trees,  where  the  heart  wood  is  in- 
durated and,  of  course,  unyielding. 

2.  The  same  effect  is  produced  by  extreme  cold  on  dry  and  sea- 
soned timber  (Vide  Phil.  Trans.,  vol.  14,  p.  d^9).  At  Prince  of 
Wales'  Fort  on  Churchill  river,  near  Hudson's  Bay,  Capt.  Middle- 
ton  noticed  that  trees,  joists  and  rafttrs  were  burst  with  great  noise 
from  the  effects  of  cold  ( Phil.  Trans.,  vol.  42,  p.  157  ).  Near  Mos- 
cow, the  timber  work  of  houses  is  frequently  observed  to  crack 
during  severe  winters  ( Boyle's  Works,  vol.  2,  pp.  274  et  276,  Lend. 
1744).  Other  instances  might  be  cited ;  but  the  effects  of  cold  in 
temporarily  widening  the  small  cracks  produced  by  ordinary  desic- 
cation in  posts  and  pillars,  must  be  so  familiar  to  every  one  that 
farther  notice  is  unnecessary.  Is  it  reasonable  to  suppose  that  in 
these  cases  the  splitting  is  caused  by  the  congelation  of  the  com- 
paratively small  amount  of  hygrometric  moisture  which  is  known 
to  be  present  in  the  best  seasoned  wood  ?  On  the  other  hand,  is  it 
not  obviously  a  phenomenon  of  unequal  contraction,  precisely 
analogous  to  the  smaller  Assures  produced  by  rapid  desiccation  t 
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3.  All  travellers  in  high  northern  latitudes  testify  that  the  very 
rocks  are  sometimes  rent  asunder  hy  the  int^isity  of  the  cold,  and 
that  the  ground  is  frequently  cleft  by  the  same  cause,  producing 
openings  many  yards  long  and  10  or  12  inches  wide.  Such  phe- 
nomena cannot  bo  ascribed  to  the  expansive  pow^  of  freezing 
water,  because  they  occur  during  mid-winter,,  and  in  latitudes 
where  the  rigor  of  the  climate  is  such  that  the  earth  is  frozen  300 
or  400  feet  deep  (certainly  far  below  the  depth  of  these  superficial 
fissures),  long  before  these  oiTects  are  observed.  They  are  unques- 
tionably the  result  of  superficial  contraction,  produced  by  the  sud- 
den application  of  intense  cold,  and  are  precisely  analogous  to  the 
fissures  which  originate  in  clay  and  mud  during  the  process  of 
drying. 

4.  Ice  itself  is  frequently  known  to  crack  from  the  same  canse. 
Of  this  character  were  the  fissures  in  the  ice— some  of  them  fsmr 
inches  wide— which  M.  Erman  observed  near  Bol-Atluimsk  on  the 
Obi,  and  at  Posolskoi.  He  very  correctly  ascribes  them  to  the  cool- 
ing and  contraction  of  the  upper  stratum  of  ice  subsequent  to  iu  per- 
fect congelation  ( Erman's  Travels  in  Siberia,  Ed.  cit,  ante^  vol.  1,  p. 

331,  et  vol.  2,  p.  218).  Such  facts  are  matters  of  the  most  common 
observation  in  all  climates  where  the  cold  is  of  sufficient  intensity  to 
maintain  water  in  a  solid  condition  for  toy  considerable  portion  of 
the  winter.  The  cracking  always  takes  place  during  periods  of  rapid 
augmentation  of  cold.  To  those  who  may  be  incredulous  as  to  the 
adequacy  of  superficial  contraction  to  produce  the  observed  effects, 
it  may  be  proper  to  state  that,  according  to  the  experiments  of  MM. 
Brunner  and  Schumacher,  the  contraction  of  ice  consequent  upon  a 
diminution  of  temperature  is  greater  than  that  of  any  other  solid 
body  hitherto  examined.  The  ibrmer  found  the  amount  of  linear 
contraction  to  be  equivalent  to  0,00002083  for  a  degree  of  Fahren- 
heit :  the  latter  obtained  a  still  higher  result,  viz.  0,000029086  (Vide 
Ann,  de  Chim,  et  de  Phys,,  3d  series,  vol.  14,  p.  369>  1845,  as  cited 
in  Silliman's  Journal,  2d  series,  vol.  1,  p.  117,  1846;  also,  voL  3, 
p.  450  of  the  same  journal).  It  is  well  known  that  glass,  in  which 
the  coefficient  of  dilatation  is  very  small,  vrill  readily  crack  by  the 
sudden  application  of  cold*. 


*  In  two  recent  seriee  of  experiments,  independent  of  each  other,  MM.  Pohrt 
and  Moritz  hare  fonnd  the  linear  expansion  of  ice  for  an  mtenral  of  one  ds^m 
of  Fahrenheit's  scale^  to  be  0,0000285  and  0,0000287^8 ;  fraetions  nearly  ae- 
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The  facts  and  considerations  abore  detailed  seem  to  point  to  the 
unequal  contraction  produced  by  the  sudden  application  of  cold,  as 
the  true  cause  of  the  bursting  of  trees  in  rigorous  climates.  What* 
ever  may  be  thought  of  the  universality  of  this  cause,  direct  experi- 
ments and  observations  prove  that  congelation  of  the  sap  fer  se  does 
not  invariably  produce  the  effect.  It  appears  to  us  infinitely  more 
probable  that  the  rifting  supervenes  subsequent  to  complete  conge- 
lation of  the  juices  :  first,  because  the  increased  non-conducting 
power  of  the  woody  structures  under  these  circumstances  would,  of 
necessity,  tend  to  establish  a  greater  inequality  of  contraction  when 
the  frigorific  influence  began  to  operate,  and  therefore  a  greater 
liability  to  rupture  ;  and  secondly,  because  the  greater  rigidity  of 
the  interior  parts  of  a  tree  whose  juices  are  frozen,  would  tend  to 
bring  about  the  same  result  upon  a  sudden  reduction  of  tempera- 
ture. The  reason  why  some  species  of  trees  are  more  liable  to  be 
rifted  by  cold  than  others,  is  probably  attributable  to  a  difference  in 
the  compressibility  of  their  structures  when  in  a  frozen  condition. 

But  it  may  be  asked,  if  the  freezing  of  the  8ap  doea  not  always  kill 
plants,  in  what  manner  does  cold  produce  death  in  vegetables  ?  As 
this  is  a  point  which  has  been  investigated  by  Groeppert,  Morren> 
Lindley,  and  others,  I  do  not  propose  to  notice  it  farther,  at  this 
time,  than  to  indicate  the  bearing  of  their  deductions  on  the  subject 
under  consideration.  The  observations  of  MM.  Goeppert  and  Morren 
seem  to  prove  that  the  common  opinion,  that  cold  acts  mechanically 
upon  the  tissues  of  plants,  by  expanding  the  fluid  they  contain,  and 
bursting  the  cells  or  vessels  in  which  it  is  inclosed,  is  totally  un- 
tenable ;  such  supposed  laceration  of  the  vegetable  tissues  seldom, 
if  ever,  taking  place,  even  when  the  most  succulent  plants  are  frozen 
and  killed  by  cold.  During  the  process  of  congelation,  each  cell  of 
the  tissue  becomes  individually  larger,  by  the  augmentation  of  volume 
which  attends  the  solidification  of  the  contained  fluid ;  but  there  is 
no  bursting,  because  the  membrane  is  extensible,  and,  when  thawed, 
the  cell  recovers  itself  by  its  elasticity.  The  more  recent  observations 
of  Prof  John  Lindley  are,  on  the  whole,  confirmatory  of  these  con- 
clusions ;  for  although  in  some  instances  he  found  the  tissue  of  the 
succulent  parts  of  plants  lacerated,  as  if  by  the  dilatation  of  the  fluid 

oordant  with  the  results  of  Schumadiet^s  ezperiments  (  Vide  liebig  and  Eopp's 
Report  on  the  ProgresB  of  Chemistiy,  eta,  En^ish  translation,  vol  1,  p^  44,  Lon- 
don 184«> 
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it  had  contaiDed,  yet  this  result  was  by  no  means  an  invariable  con- 
comitant of  freezing,  and  is  not  essentially  connected  with  the 
destruction  of  vegetable  Hfe.  Upon  a  careful  review  of  all  the  fa(^ 
Prof  Lindley  concludes,  "that  the  fatal  effect  of  frost  upon  plants  is 
a  more  complicated  action  than  has  been  supposed ;  of  which,  the 
following  are  the  more  important  phenomena  : 

«  1.  A  distension  of  the  cellular  succulent  parts,  often  attended  by 
laceration,  and  always  by  a  destruction  of  their  irritability. 

"  2.  An  expulsion  of  air  from  the  aeriferous  passages  and  ceBs. 

'*  3.  An  introduction  of  air,  either  expelled  itom  the  air-passages 
or  disengaged  from  the  water  during  the  act  of  freezing,  into  parts 
intended  exclusively  to  contain  fluid. 

**  4.  A  chemical  decomposition  of  the  tissue  and  its  contents, 
especially  the  chlorophyll. 

"  5.  A  destruction  of  the  vitality  of  the  latex,  and  a  stoppage  of 
the  action  of  its  vessels. 

"  6.  An  obstruction  of  the  interior  of  the  tubes  of  pleurencbyma 
(woody  fibre),  by  the  distension  of  their  sides"  (  Vide  Professor  A. 
Gray's  Abstract  of  Prof  Lindley*s  Memoir  in  SilHman's  Journal, 
Ist  series,  vol.  39,  p.  18  et  seq.,  1846). 

It  will  be  observed  that  the  phenomena  are  partly  mechanical, 
partly  chemical,  and  partly  vital.  So  far  as  the  mechanical  effects  are 
concerned,  it  is  very  plain  that  whatever  increases  the  amount  of 
moisture  in  the  plant  augments  the  liability  to  laceration  of  tissues 
when  freezing  supervenes.  In  relation  to  the  chemical  and  vital  phe- 
nomena, it  is  sufficiently  obvious  that  the  effects  of  cold  must  vary 
with  the  condition  of  the  fluids  in  the  plant.  The  well  known  evil 
influence  of  cold  in*  the  spring,  or  after  a  warm  spell  in  winter,  is 
probably  referable  to  the  augmented  msceptihility  which  seems  to 
attend  the  grotoing  state.  It  is  difficult  to  say  whether  this  increased 
susceptibility  to  the  action  of  cold  is  due  to  an  alteration  in  vital 
sensitiveness,  or  to  a  proneness  in  the  fluids  to  enter  into  chemical 
decomposition*.  Possibly  both  causes  may  be  in  operation  ;  but  ad« 

*  It  is  very  probable  that  the  injivioiu  effects  of  eold  upon  growing  pUmtBmaj 
be,  in  part,  due  to  the  sadden  stoppage  of  the  changes  which  attend  the  process 
of  active  cell-development  It  is  reasonable  to  suppose  that  any  disturbance  of 
this  process  at  such  a  period  would  lead  to  rapid  and  fatal  chemical  reactions. 
The  well  known  fact  that^  in  frozen  potatoes,  all  the  starch  is  converted  into  dex- 
trine and  sugar,  shows  that  important  chemical  changes  may  be  brought  about  by 
the  influence  of  cold. 
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ditional  observations  and  experiments  are  wanting  to  clear  up  many 
points  relating  to  the  exact  manner  in  which  the  death  of  plaaUs  is 
caused  by  cold,  Neyertbeless,  whatever  may  be  our  degree  of  igno- 
rance in  relation  to  these  points,  it  is  hoped  that  we  have  succeeded 
in  establishing  the  fact,  th^  the  destruction  of  life  is  not  an  invaria- 
ble concomitant  of  the  congelation  of  the  juices  of  plants;  and  con- 
sequently that  they  have  not  the  relation  of  effect  and  cause.  Indeed, 
the  proof  of  this  may  be. considered  twofold  ;  both  negative  and  po- 
sitive. For  it  is  well  known  that  many  tropical  exotics  are  destroyed 
by  a  degree  of  cold  considerably  above  the  freezing  point  of  water, 
when,  of  course,  their  sap  cannot  be  in  a  state  of  congelation  ; 
while,  on  the  other  hand,  as  I  have  endeavored  to  show  in  this  me- 
moir, the  juices  of  other  plants  are  obviously  and  repeatedly  ^oj?c» 
without  the  slightest  injury  to  the  powers  of  vegetation. 

The  analogy  between  animals  and  vegetables  seems  to  be,  in  this 
respect,  almost  as  perfect  as  it  is  remarkable.  A  degree  of  cold  which 
absolutely  freezes  the  fluid  contained  in  their  structures,  is  not  equal- 
ly fatal  to  all  plants.  As  among  animals,  each  species  of  plant  is 
adapted  to  endure  a  certain  range  of  temperature,  which  determines* 
with  more  or  less  precision,  the  limits  of  its  geographical  distribu- 
tion. The  fact  that  vegetables  are  less  susceptible  to  the  injurious 
influence  of  cold  when  in  a  dorjnant  state,  seems  to  be  a  wise  and 
inestimably  excellent  provision  appointed  by  nature  for  the  preser- 
vation of  the  vitality  of  the  system  against  the  .extreme  cold  of  win- 
ter. Observations  and  experiments  are  yet  wanting  to  determine 
whether  those  members  of  the  &nimal  kingdom,  which  have  little  or 
no  power  of  resisting  external  changes  of  temperature,  ar^  endowed 
with  a  like  increased  immunity  from  the  injurious  eflects  of  cold 
during  the  period  of  hybernation.  On  a  future  occasion,  I  hope  to 
make  this  point  a  subject  of  special  investigation. 


12.    Views  on  the  Nature  of  Organic  Structure.    By  Lieut. 
£.  B.  Hunt,  Corps  of  Engineers,  U.  S.  A. 

Throughout  the  whole  range  of  organic  existence,  both  animal  and 
vegetable,  there  is  an  evident  adaptation  of  species  and  individuals 
to  the  particular  circumstances  in  which  they  are  found.  Nor  is  it 
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less  true,  that  all  animals  and  vegetables  exkibit  a  broad  general 
adaptation  to  the  great  cosmical  and  chemical  peculiarities  of  the 
earth  itself.  The  conditions  indispensable  for  the  existence  o£  each 
organic  species  are  such,  that  we  cannot  imagine  its  vital  possibility 
except  in  its  present  astronomical  habitat.  Any  great  change  from 
the  earth's  values  for  gravitation,  the  atmospheric  pressure,  the  ave- 
rage heat  and  light,  or  greatly  increased  variations  in  these  elements 
of  condition,  would  prove  fatal  to  all  our  present  species.  Nor  could 
these  species  long  survive  a  fundamental  change  in  the  atmosphere, 
the  waters,  the  vapors,  or  the  soils  of  the  present  terrestrial  system. 

The  problem  of  conditions  of  existence  has  an  astronomical  or 
cosmical  phase.  We  can  conceive  a  planet  with  platinum,  gold,  and 
silica  continents,  with  a  mercurial  atmosphere,  with  elements  whose 
combinations  should  be  a  hundred-fold  more  refractory  than  ours» 
and  yet  with  temperature  conditions  such  that  its  aggregates  of  in- 
organic matter  should  be  much  the  same  as  we  now  see.  Moreover* 
we  can  conceive  the  existence  there  of  vital  organic  forms,  composed 
of  elements  wholly  different  from  those  entering  organic  bodies 
here,  but  whose  functions  should  be  performed  exactly  in  conformity 
with  earthly  analogies. 

How  vastly  unlike  in  physical  features  are  this  Earth,  Neptune, 
and  Mars ;  yet  some  kind  of  organic  life  is,  doubtless,  actually  ex- 
istent on  each.  The  structure  of  material  forms,  fitted  to  perform 
organic  functions,  involves  an  idea  of  the  highest  generality,  and  is 
mechanically  possible  in  an  infinity  of  material  conditions.  Either 
the  organic  form  or  the  habitat  being  given  or  predetermined,  an 
intellect  sufficiently  capacious  could  determine  the  other  hj  pure 
computation.  If  to  this  intellect  be  superadded  the  power  of  giving 
material  form  or  expression  to  these  computed  results,  nothing 
more  would  be  necessary  for  placing  any  conceivable  organic  type 
in  its  proper  home,  or  in  forming  for  any  home  its  proper  organic 
inhabitant.  Man's  intellect  quite  suffices  to  conceive  how  the  Divine 
Creative  Mind  might  infinitely  vary  organic  forms  in  simple  adapta- 
tion to  their  dissimilar  homes  throughout  this  wide  universe.  The 
historic  order,  in  forming  for  all  these  varieties  the  terms  of  the  ex- 
isting relation  between  home  and  inhabitant,  has  been  seemingly, 
first  to  arrange  the  home,  and  then  to  construct  the  inhabitant.  The 
species  actually  seen  around  us  embody  the  divine  solutions  of  those 
particular  problems  furnished  by  their  specific  physical  circumstan- 
ces. The  range  of  variation  in  these  circumstances  over  the  earth's 
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surface,  permitted  that  immense  variety  of  specific  solutions  ex- 
hibited by  the  known  animal  and  vegetable  kingdoms. 

Certainly,  natural  science  is  falsely  so  called,  when  it  ignores  the 
intellectual  character  of  organic  forms.  An  optician  who  should  at« 
tempt  to  investigate  the  eye  without  conceiving  it  as  an  intellectually 
composed  organ,  might  labor  forever  in  vain.  The  single  way  to 
comprehend  its  structure  and  mode  of  agency,  is  by  carefully  de- 
cyphering  those  ideas  which  are  embodied  and  expressed  in  its 
forms  and  composition.  Its  one  object  is  to  form  distinct  images  on 
the  retina,  and  all  its  parts  are  composed  with  a  strict  view  to  the 
accomplishment  of  this  object.  A  man  who  should  study  hiero- 
glyphics, a  locomotive,  a  telescope,  a  watch,  or  a  book,  in  a  spirit 
of  mental  negation  and  stubborn  imperception  of  their  intellectual 
origin,  would  not  be  more  absurd,  than  one  who  sees  no  intellectual 
designing  in  the  eye,  the  ear,  the  nerves,  the  skeleton,  the  whole 
organic  frame.  So  &r  from  its  being  unscientific  to  make  a  clear  and 
positive  use  in  natural  research  of  the  intellectual  character  stamped 
on  all  organisms,  it  is-  simply  self-inflicted  blindness  and  deliberate 
paralysis  to  ignore  those  god-thoughts  actually  embodied  in  each 
vita]  structure.  The  meaning  and  design  of  these  structures  are  not 
less  real  than  the  matter  composing  them ;  just  as  the  design  and 
mental  significance  of  a  house  are  equally  real  with  its  materials. 

A  distinct  conception  of  the  intellectual  arrangement  of  organic 
parts,  in  themselves,  in  their  connections,  and  in  their  external  rela- 
tions, gives  a  clue  to  the  physical  nature  of  organic  structures,  such 
as  no  other  view  can  give. 

Inorganic  masses  of  matter  have  an  unlimited  capacity  to  give 
expression  to  ideas,  either  without  motion,  as  in  the  fine  arts,  or 
with  motion,  as  in  machinery  of  all  kinds.  In  a  locomotive,  fi)r  in- 
stance, thousands  of  ideas,  first  existing  only  in  the  human  mind,  are 
materially  embodied  and  formalized  through  this  complex  arrange- 
ment of  parts,  all  of  which  act  in  designed  relations.  Functions  of 
various  kinds  are  performed  in  harmonious  concurrence,  exhibiting 
a  partial  semblance  to  vitality.  Man's  l^istory  proves,  that  were  his 
intellect  a  hundred-fold  greater  than  it  is,  machines  might  be  de- 
vised which  would  perform  nnimagined  wonders.  Every  increase  of 
intellect  would  give  increased  capacity  to  work  ideas  into  material 
forms.  A  comparative  machinist  might,  from  a  machine,  infer  the 
mental  character  and  proficiency  of  its  designer,  just  as  a  compara- 
tive anatomist  makes  out  from  the  bones  of  an  animal,  all  its  habits. 
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Any  designed  material  structure  reflects  the  intellect  of  its  desigoer* 
and  becomes  higher  in  character  with  each  exaltation  of  the  de- 
signing mind.  Were  man's  intellect  to  grow  towards  an  infinite 
stature,  where  could  we  draw  a  limit  to  his  capacity  for  giving  ma* 
terial  embodiment  to  his  most  advanced  ideas  ?  Would  not  his  ever 
enlarging  mind  still  clothe  itself  in  material  forms  of  proportionate 
subtlety  in  structure,  function  and  design  ? 

But  man,  in  erecting  material  structures,  deals  only  with  masses. 
He  has  no  power  to  build  up  his  forms,  by  using  at  will,  and  in 
succession,  single  molecules  of  each  chemical  element.  Were  man's 
perceptions  and  capacities  so  microscopic  that  he  could  work  widi 
single  molecules,  and  were  his  intellect  sufficiently  exalted,  he 
might  build  up,  in  a  purely  mechanical  mode,  the  exact  similitude 
of  any  existing  organic  form,  even  that  of  his  own  body.  Infinite 
intellect  having  wrought  out  the  ideal  of  man's  body,  might  thus 
materialize  that  ideal  by  simple  arrangement  of  molecules,  without 
the  least  change  in  any  one  molecule,  or  the  introduction  of  any 
new  mechanical  element  To  such  a  structure,  the  forces  constitu- 
tional in  matter  would  give  coherence  and  stability.  What  more  is 
required  for  conceiving  the  physical  character  of  an  organism,  at  a 
given  instant  of  time  ? 

Another  step  remains  to  complete  our  conception  of  the  whole 
life  of  organic  structures.  What  then  is  growth,  and  how  is  it  to  be 
conceived  or  explained? 

The  ideal  of  an  organism  extends  through  its  entire  cycle  of 
being.  The  ideal  of  an  oak  is  not  the  mere  form  of  to-day,  but 
that  aggregate  of  formal  progressions  included  between  the  acorn 
and  the  decaying  oak.  It  includes  provision  for  everything  needed 
to  insure  its  normal  perpetuity.  The  history  of  an  organic  individual 
or  species  must  always  contain  the  two  great  elements  of  original 
constitution  and  circumstantial  position.  The  specific  ideal  is  in- 
wrought  and  formalized  in  its  constitution,  while  physical  circum- 
stances mar  or  exalt  the  development  of  this  ideal.  Unless  an  ideal 
were  framed  with  a  foresight  of  circumstantial  influences,  it  must 
soon  be  frustrated.  Now  it  is  very  possible  to  conceive  how  struc- 
tures, intelligently  composed  from  simple  ordinary  molecules,  may 
be  made  to  embody  both  static  and  dynamic  ideals.  The  forces  ap- 
pertaining to  the  ultimate  units  of  matter  are  quite  adequate  to 
work  out  ideals  extending  over  the  changes  of  a  lifetime.  In  all 
organisms,  the  normal  changes  are  progressive,  and  exemplify  the 
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law  of  continoity.  This  continuity  extends  unbroken  through  count* 
less  generalionSy  always  exhibiting  strict  conformity  to  mechanical 
requisitions.  The  wheel  of  specific  life  rolls  steadily  on,  while  its 
points  describe  the  cycloids  of  individual  life.  A  present  structure 
may  be  so  composed,  that  the  molecular  forces  acting  between  its 
constituent  molecules  will  of  themselves  work  out  a  long  train  of 
predetermined  changes.  No  matter  how  complicated  the  system  of 
molecules  may  be,  the  determination  of  the  orbit  and  movements  of 
each  molecule  is  a  strict  problem  in  mathematical  mechanics,  ex- 
actly the  same  in  principle  as  that  of  planetary  or  projectile  motion* 
The  vast  intellectual  difficulty  of  the  discussion  does  not  affect  its 
principle,  nor  would  it  obstruct  a  full  predictive  insight  by  a  mind 
of  sufficient  grasp.  Those  differential  worlds,  whose  integrals  are 
seen  in  organic  masses,  move  on,  planet-like,  in  the  round  of  their 
mechanically  determined  orbits. 

That  intellect  which  was  large  enough  to  idealize  man,  was, 
doubtless,  large  enough  so  to  construct  his  body  that  the  constituent 
forces  of  its  component  matter  should  operate  the  observed  renova- 
tion  and  progression  of  its  parts.  In  framing  the  ideal  of  which  man 
is  the  embodiment,  not  only  is  it  conceivable  that  the  designing 
intelligence  inwrought  every  mechanical  essential  for  the  physical 
functions  of  a  foil  grown  man,  but  that  a  definite  physical  provisicMi 
for  all  the  changes  in  the  whole  cycle  of  his  being  was  incorporated 
in  the  structure  of  his  body.  The  individual  cycle  of  growth,  and 
the  physical  history  of  our  race,  from  its  beginning  far  into  the  un- 
enacted  future,  may  have  been  structurally  embodied  in  the  frames 
of  our  created  progenitors,  and  in  the  circumstances  of  existence 
surrounding  them  and  their  posterity.  Thus,  too,  by  direct  design 
may  the  body  have  been  made  the  structural  depository  of  all  those 
harmonies  which  alone  can  fit  it  to  become  the  physical  home  of  the 
spirit  which  inhabits  it 

This  mode  of  viewing  organisms  furnishes  a  hint  as  to  instinct. 
A  divine  ideal  would  contain  provision  for  all  stages  in  the  develop- 
ment  of  the  individual.  The  activity  of  animal  faculties  is  closely 
connected  with,  and  mainly  controlled  by,  physical  structure,  which, 
in  all  stages  of  development,  must  embody  the  necessary  conditions 
for  continued  existence.  In  designing  and  framing  an  animal  struc* 
ture,  the  means  for  stimulating  all  the  faculties  required  at  each 
stage  of  its  existence  would  be  introduced  in  its  bodily  constitution. 
Thus  the  operations,  usually  called  instinctive,  would  result  from  a 
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predetermined  structure,  specially  designed  to  stimulate  the  parti- 
cular faculties  exercised.  The  materialized  ideals  would  determine 
which  faculties  would  be  most  active  at  each  stage  of  growth,  and  in 
each  species  of  animals. 

The  views  now  presented  are  based  entirely  on  the  conceptions 
of  matter  and  its  constitutional  forces,  which  inorg^anic  masses  con- 
strain us  to  adopt.  It  cannot  be  too  distinctly  stated  that  every  me- 
chanical idea  is  outraged  by  the  common  conceptions  of  a  peculiar 
"  vital  force"  or  "organic  force."  The  term  "force"  has  a  definite 
meaning  when  used  in  mechanics,  but  no  one  can  define  a  vital 
force.  It  is  too  mysterious,  fickle,  evasive,  and  illegitimate  to  permit 
a  clear  conception  or  definition.  When  an  organic  process  is  not  un- 
derstood, a  vital  force  is  usually  summoned  to  remove  our  ignorance 
out  of  sight.  Never  was  anything  more  purely  hypothetical.  Its  parent 
is  ignorance,  smothering  truth  and  investigation  its  office.  Until  some 
shadow  of  evidence  is  presented,  that  a  special  unmechanical  force, 
peculiar  to  organic  bodies,  really  exists,  we  are  in  duty  bound  to 
abjure  this  convenient,  this  elastic  figment  of  a  vital  force,  which, 
"having  no  law,  is  a  law  unto  itself"  Though  the  complication  of 
organic  structure  may  forever  prevent  a  strict  mechanical  analysis  of 
organisms,  we  are  not  thus  authorized  to  hypothecate  a  new  fi>rce 
fi>r  convenience  in  cloaking  ignorance.  So  far  as  we  know,  no  mole- 
cule is  ever  moved,  except  by  a  real  mechanical  force,  nor  indeed 
can  be,  on  account  of  its  inertia.  Though  our  muscles  move  in  obedi- 
ence to  nervous  impulses,  the  agencies  applied  are  doubtless  wholly 
physical  below  that  point,  so  wholly  mysterious,  where  the  nerves 
centralize  into  one  subtle  thread  of  connection  between  the  spiritual 
and  material  part  of  man. 

This  glancing  into  the  depths  of  organic  structure  is  no  transcen- 
dental flight  beyond  the  actual.  Our  appeal  is  only  to  that  intelligence 
actually  exhibited  in  formalizing  the  masses  which  compose  organic 
bodies.  Let  our  conceptions  but  extend  the  sphere  of  this  intelli- 
gence to  the  intimate  constitution  of  each  organic  mass,  and  we 
shall  find  a  new  light  thrown  on  the  whole  nature  of  organic  struc- 
ture. It  is  true  that  every  organism,  on  this  view,  is  an  embodiment 
of  more  subtle  intelligence  than  all  mankind  can  boast;  but  he  must 
have  studied  nature  quite  in  vain,  who  has  not  seen  compulsory 
evidence  that  the  organic  architect  is  indeed  great. 
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13.  On  bomb  Special  Analooiss  in*  the  Phenomena  pbbbenteb 
BT  THE  Senses  op  Sight  and  Touch.  By  Prof.  Stephen 
Alezani>ee>  of  Princeton. 

Prof.  Alexander  first  noticed  the  well-known  deception  produced 
by  placing  a  pea,  or  other  small  body,  between  two  of  the  fingers, 
previously  crossed  —  the  pea  appearing  double;  and  mentioned  and 
illustrated  several  other  deceptions,  such  as  may  be  obtained, 

1.  By  holding  a  book  between  the  hands,  the  palms  turned  out- 
ward, the  arms  being  previously  crossed  :  the  edge  of  the  book 
appears,  in  this  case,  to  be  bent  at  an  angle. 

2.  By  passing  the  one  hand  over  its  corresponding  shoulder,  and 
the  other  under  the  arm  belonging  to  it,  and  holding  a  book  between 
the  hands  thus  placed  :  the  edges  of  the  leaves  of  the  book  appear 
to  the  one  hand  to  be  a  continuation  of  the  surface  of  the  back  of  the 
book. 

3.  By  folding  the  tongue  back  upon  itself :  the  portion  thus  placed 
appears  to  be  a  foreign  body  laid  upon  the  tongue,  except  that  the 
sensibility  of  the  part  thus  turned  is  still  perceptible. 

4.  By  turning  the  tongue  up  edgewise,  and  then  placing  it  against 
the  teeth  :  the  teeth  appear  to  be  placed  in  an  inclined,  instead  of 
a  vertical  position. 

Prof  Alexander  then  stated  the  proposition  that  the  duration  of 
impressions  produced  upon  the  organs  of  touch,  like  those  upon  the 
organs  of  vision,  is  not  instantaneous,  but  continues  for  some  short 
period  of  time.  This  was  variously  illustrated  : 

1.  A  square  bar,  rapidly  revolved,  will  appear  to  the  fingers  to  be 
a  round  file. 

2.  Central  sections  of  the  cylindier,  cone  and  sphere,  will  appear* 
in  each  case  like  the  whole  solid. 

3.  A  circular  arrangement  of  round-headed  nails  driven  into  the 
face  of  a  circle,  but  excentrically  situated  on  Uiat  circle,  vrill  appear 
to  have  an  excentric  movement  on  the  face  of  the  circle,  as  the  latter 
turns  about  its  own  centre. 

4.  A  spiral  arrangement  of  the  nails  around  the  centre  of  the 
circle  Will  appear  to  unwind  when  the  rotation  of  the  circle  is  in  one 
direction,  but  to  coil  itself  up  more  closely  when  the  direction  of 
rotation  of  the  circle  is  reversed* 

Other  arrangements  were  exhibited,  and  some  merely  indicated. 
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Prof.  A.  stated,  moreover,  that  when  two  plates  of  metal,  unequal- 
ly heated,  had  be^  made  to  revolve  rapidly  and  come  alternately  in 
contact  with  the  fingers,  the  result  seemed  to  be  a  sensation  of  an 
intermediate  temperature.  He  also  indicated  a  devi<ie  by  which  one 
part  of  a  rotating  body  might  be  felt  to  be  hard,  and  the  succeeding 
portion  soft ;  but  the  result  of  a  rapid  rotation  of  the  whole  would 
probably  presen^  the  sensation  of  an  intermediate  constitution.  Last- 
ly, an  indication  was  given  of  a  plan  for  an  apparatus  by  which  one 
finger  might  be  subjected  to  a  uniform,  and  another  to  a  variable 
pressure ;  but  by  a  rapid  rotation,  the  successive  impressions  of  the 
variable  pressure  might  be  equalized. 

Prof.  Alexander,  in  conclusion,  briefly  adverted  to  the  experi- 
ments of  Weber,  "  De  pulsu,  resorptiane,  auditu  et  tactu,*' 


14.    On  the  Relation  between  Erect  Vision  and  the  Inverted 
Image  on  the  Retina.    By  Pro£  W.  W.  Clark,  of  Albany. 

The  question  as  to  why  we  see  bodies  erect  while  their  images  on 
the  retina  are  inverted,  has  for  a  long  time  attracted  the  attention  of 
philosophers,  and  several  theories  have  been  presented  to  explain 
the  phenomenon. 

Sir  David  Brewster^  many  years  since,  presented  a  theory  in 
which  he  supposed  the  eye  to  possess  a  power  which  he  calls  the 
power  of  "  visual  direction  "  ;  and  that  by  means  of  this,  the  mind 
takes  cognizance  of  the  general  direction  in  which  the  rays  of  light 
come  to  the  eye,  and  thus  of  the  object  itself  in  an  erect  position. 
The  details  of  this  theory,  and  the  objections  to  it,  have  been  so  fully 
discussed  in  our  elementary  works  on  pkysiology  and  optics,  that  all 
are  probably  familiar  with  them. 

Another  view  which  has  been  presented,  ki»  that  at  first  the  eye 
presents  all  nature  to  the  mind  of  the  child  in  an  inverted  position, 
by  means  of  the  inverted  images  on  the  retina ;  but  that  in  a  short 
time  the  mind  learns  4he  fallacy  of  these  impressions,  and,  becoming 
accustomed  to  the  inversion,  is  unconscious  that  they  ever  appeared 
otherwise  than  erect.  That  this  dieory  is  not  a  correct  expression  of 
the  relations  which  exist  in  nature,  I  think  will  be  made  evident  by 
what  follows. 
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It  seems  to  me  that  die  great  difficulty  which  the  authors  of  these 
theories  have  found  in  arriving  at  correct  conclasions  in  this  matter, 
arises  from  the  fact  that  they  had  not  clearly  defined  in  their  minds 
what  is  the  natural  province  of  the  eye  ;  that  is*  how  extensive,  and 
of  what  kind  is  the  knowledge  which  the  eye,  unassisted  by  the  other 
senses,  can  convey  to  the  mind ;  and,  accordingly,  I  will  first  proceed 
to  examine  this  question. 

That  the  mind  has  no  connection  with  external  nature  except 
through  the  senses,  is,  I  believe,  at  present  undisputed ;  and  it  is 
equally  well  established  that  the  mind  can  obtain  directly  no  know- 
ledge of  external  objects,  until  they  come  in  contact  with  the.  nerves 
or  organs  of  touch.  This  being  true,  we  see  that  the  light  which 
enters  the  eye  and  strikes  the  optic  nerve,  cai^  of  itself  abstractly 
convey  no  idea  of  the  object  from  which  it  emanated ;  since  the  mind 
takes  cognizance  of  light  only,  that  being  the  only  thing  in  contact 
with  the  nerve.  The  first  ideas,  then,  which  the  mind  receives  through 
the  eye,  are  those  of  the  Jbrm  and  color  of  the  image  which  is  formed 
upon  the  retina ;  but  by  means  of  the  unassisted  eye>  the  mind  could 
have  no  knowledge  that  there  was  any  thing  external  to  which  this 
colored  image  corresponded.  The  province  of  the  unassisted  eye  is 
to  convey  to  the  mind  only  the  impressions  of  the  form  and  color  of 
the  images  which,  by  the  agency  of  light,  are  formed  on  the  retina ; 
it  being  entirely  unable  to  give  rise  to  any  idea  of  distance  or  mag- 
nitude, or  of  any  thing  else  external. 

From  this  we  see  that  until  the  eye  has  been  educated  by  the 
sense  of  feeling,  there  can  be  no  such  thing  as  right  or  wrong  side 
up  to  the  images  on  the  retina,  since  the  mind  is  yet  totally  un- 
conscious that  these  images  bear .  any  relation  to  objects  without. 
The  first  time,  however,  that  the  hand  comes  in  contact  with  an 
object,  at  the  same  time  that  there  is  an  image  of  it  on  the  retina, 
the  mind  recognizes  the  correspondence  between  the  image  and  the 
object,  and  of  course  learns  what  part  of  the  image  corresponds  with 
its  top  or  bottom.  After  the  mind  has  once  learned  these  relations,  it 
will  necessarily  ever  after  recognize  that  the  part  of  the  image  which 
is  really  (hut  not  at  aR  knoum  by  the  mind  to  be)  uppermost  in  the 
eye,  belongs  to  the  bottom  of  the  object,  and  vice  versa. 

Whatever,  then,  affects  the  retina  on  one  side  of  the  eye,  will  $eem 
to  affect  it  on  the  opposite  side.  This  is  beautifully  illustrated  by  a 
phenomenon  which  attracted  my  attention  for  the  first  time  about  six 
yean  since.  At  this  time  I  was  lying  on  the  sofa  in  the  evenings  with 
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my  eye«  tamed  towards  the  flame  of  a  lamp  which  stood  at  a  little 
distance  from  me.  One  of  my  eyes  being  closed,  and  the  other  par- 
tially 80,  I  noticed  that  two  streatnt  of  light  appeared  to  come  to  the 
partially  closed  eye ;  the  one  from  above,  and  the  other  from  below. 
In  examining  the  phenomena  which  these  streams  presented,  I  was 
surprised  to  find  that  when  I  brought  my  finger  down  from  above, 
so  as  to  intercept  the  light  from  coming  to  the  eye,  the  lower  stream 
was  invariably  interested  first.  I  explain  these  phenomena  by  re- 
ferring the  appearance  of  the  stream  of  light  to  the  light  which  shoae 
through  the  eyelashes,  and  thus  upon  the  retina  in  the  shape  of  a 
long  pencil  of  rays  which  seemed  to  converge  at  the  flame  from 
which  they  emanated.  It  will  be  readily  seen  that  the  rays  which 
pass  dirough  the  upper  eyelashes  fall  upon  the  upper  part  of  the 
retina ;  and  that  in  accordance  with  the  above  theory,  the  mind  will 
suppose  them  to  come  from  below,  and  vice  vernt. 

There  is  another  phenomenon  which  all  have  doubtless  observed, 
which  is  also  beautifully  explained  by  the  above  theory.  Whenever 
the  finger,  or  any  other  hard  substance,  is  pressed  against  die  baS 
of  the  eye,  the  sensation  of  a  ring  of  light  is  produced  ;  and  what  is 
the  roost  peculiar,  is  that  this  ring  always  appears  to  be  on  the  side 
opposite  the  point  of  pressure.  Although  this  appears  strange  at  first, 
it  is  still  exactly  what  we  should  predict  by  the  above  theory ;  that 
is,  the  effect  on  the  retina  being  produced  on  one  side  of  it,  that 
efiect  will  appear  to  the  mind  to  be  on  the  opposite  side  of  the  eye. 


15.    On  Daltonism,  or  Blindness  to  Particular  Colors.   By 
Prof.  M*CuLLOH,  of  Princeton,  N.  J. 

[  Noi  received.] 


16.  Relations  of  Embryology  and  Sfermatology  to  some  of 
THE  Fundamental  Doctrines  of  Pbysjolooical  Scibmce. 
By  Dr.  W.  J.  Burnett,  of  Boston. 

When  the  influence  of  the  study  of  organic  chemistry  and  microscopy 
was  beginning  to  be  felt  in  natural  science^  the  prospect  was  held 
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out  that  Boon  we  should  understand  fully  the  intimate  and  primordial 
relations  that  exist  between  the  organic  and  inorganic  world. 

This  was  promising  too  much,  and  a  disappointment  has  necessari- 
ly ensued ;  still,  the  quite  thorough  prosecution  of  these  studies  has, 
I  think,  produced  two  distinct  results  or  opinions.  With  the  chemists, 
the  tendency  has  been  to  regard  the  movements  of  the  organic  world 
as  simply  the  i*esu1ts  of  modified  chemical  fiirces  :  in  other  words, 
that  matter  and  chemical  power  include  the  phenomena  of  life.  With 
the  microscopists,  on  the  other  hand,  the  tendency  has  been  to  con- 
aider  organic  matter  as  endowed  with  a  power  above  and  beyond 
tbe^e  others ;  and  that  we  are  to  recognize,  in  the  expressions  of  life, 
viud  as  well  as  chemical  forces.  I  believe  this  is  the  tenor  of  all  care- 
fully pursued  microscopical  studies.  With  chemists,  vitality  is  always 
materialized;  with  microscopists,  it  exists  as  an  entity  above  and 
beyond  matter,  and  may  be  considered  as  its  thought  or  idea. 

There  is  a  great  difficulty  in  investigating  subjects  of  this  kind, 
because  we  are  in  constant  want  of  requisite  data  from  which  we 
can  safely  draw  conclusions.  But  since  my  attention  has  been  called 
to  the  microscopical  study  of  developing  forms,  or,  in  a  word,  to 
organic  atoms,  I  have  been  induced  to  adopt  the  opinion  that,  beyond 
and  isolated  from  matter,  there  exists  not  only  what  is  termed  a  vital 
force,  but  ideas  and  thoughts. 

I  propose  to  illustrate  these  views  by  a  consideration  of  some 
results  at  which  I  have  arrived  in  a  new  and  rather  peculiar  depart- 
ment of  microscopy,  viz.  Spermatology,  or  that  which  relates  to  the 
intimate  nature  of  the  spermatic  particles.  But  that  these  may  be 
better  understood,  it  is  necessary  that  I  should  refer  for  a  moment 
to  the  present  conditions  and  relations  of  this  branch  of  science. 

In  embryological  studies,  we  commence  with  the  simple  ovarian 
c€^,  or  even  still  further  back,  with  its  nucleus  :  this  we  trace  up- 
ward until  it  has  grown  to  a  perfect  cell.  We  then  watch  the  endo- 
genous formation  of  the  cells  within  it,  until  it  is  a  gieat  compound 
cell,  which  is  called  the  ovum ;  and  then  we  observe  the  modification 
of  its  contents  into  a  symmetrically  shaped  body,  which  is  the  new 
being.  Now,  throughout  the  animal  kingdom,  not  only  has  this  pri- 
mitive ovarian  cell  the  same  material  aspect,  but  the  same  is  true  of 
the  great  compound  cell  or  ovum.  This,  then,  is  the  fundamental 
point  in  all  development ;  and  from  the  most  careful  examination 
with  the  highest  and  best  microscopical  instruments,  we  are  unable 
to  perceive  why,  for  instance,  one  cell  should  give  rise  to  a  spider, 
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while  another,  appearing  exactly  like  it,  should  give  rise  to  a  bird. 
We  can  reason  only  from  what  we  know ;  and  if  in  studying  the 
ultimate  atoms  of  two  different  portions  of  matter,  we  can  detect  no 
difference  with  oar  present  instruments,  we  certainly  haye  a  right  to 
affirm  that  these  portions  of  matter  are  identical  in  physical  charac- 
ter. We  have  a  right  to  infer,  also,  that  that  power  which  prompts 
each  cell  in  the  above  instance  to  its  ulterior  condition,  viz.  the  pro- 
duction of  a  spider  or  a  bird,  has,  in  the  cell,  no  material  expression 
by  which  it  can  be  determined,  but  that  it  resides  as  a  simple,  pure 
force  or  individual  entity. 

Some  may  call  it  a  dynamic  power  inherent  in  the  cell,  but  this 
is  only  expressing  the  same  in  different  terms.  We  have,  then,  in  a 
single  cell,  the  complete  idea  of  a  bird  existing  not  as  a  material 
condition,  but  as  a  pure  individuality 4  which  last  is  shown  by  the 
fact  that  the  idea  is  not  that  of  simply  a  bird,  but  one  of  distinct 
characters,  which  here  exist  in  thought  or  type  so  minutely  as  to 
comprise  even  the  color  of  the  bill  and  length  of  the  feathers. 

This  view  is  well  supported  by  all  facts  of  hybridization;  for 
when  allied  species  unite,  and  there  is  in  the  offspring  a  union  of  the 
characteristics  of  each,  this  last  could  have  occurred  only  at  the  time 
of  fecundation,  when  the  ovum  was  merely  a  compound  cell,  and 
when  it  must  have  possessed  all  the  specific  characters  of  the  female. 
In  this  relation  I  cannot  do  better  than  to  quote  the  words  of  the 
profound  Miiller.  He  says  :  "  The  simple  embryo,  which  consists  of 
a  granular,  shapeless  substance,  is  to  be  regarded  as  the  potential 
whole  of  the  future  animal,  supplied  with  the  essential  and  specific 
force  of  the  future  animal  itself"  It  may  be  urged  that  this  idea  is 
quite  indistinct,  and  that  we  are  deviating  from  the  true  method  of 
physical  investigation,  by  affirming  that  the-  forces  of  a  bird,  for  in- 
stance, exist  as  such  before  the  material  organs  by  which  they  are 
to  be  expressed  have  been  formed ;  but  this  objection  is  not  true  or 
yalid,  not  only  because  it  is  based  on  a  mere  opinion  of  the  nature 
of  organic  matter,  but  also  because  it  is  contrary  to  many  facts  ;  for 
we  do  have  attempts  at  the  expression  of  individual  fi^rces  long  be- 
fore the  organs  by  which  they  ultimately  find  their  complete  exhibi- 
tion are  developed,  or  even  when  they  are  never  developed.  Let  me 
therefore  add,  that  if  careful  embryological  studies  teach  anything 
in  this  connection,  it  is  that  each  healthy  oyarian  cell  contains  the 
potential  whole  of  an  individual  like  the  parent,  and  which  ia  con- 
stantly seeking  its  complete  development,  to  be  attained  only  by  the 


Digitized  by 


Google 


PHYSIOLOaT.  871 

codperation  of  a  correaponding  element  of  the  opposite  sex ;  and 
that  the  tjpe  of  form  ultimately  expressed,  heiog  the  outward  ex- 
hibition of  inward  forces,  cannot  long  suffer  deviation  without  de- 
struction, and  is  fully  as  permanent  as  the  individual  itself 

If  we  are  not  allowed  these  forces  in  organic  forms,  we  certainly 
never  can  rise  above  mere  material  forms  :  in  fact,  there  would 
appear  to  be  no  reason  why  the  ovarian  cell  of  a  bird  should  not 
produce  equally  as  well  a  mammal.  But  these  relations  are  not  equal- 
ly clearly  understood  by  all ;  and  some  whose  attainments  should 
have  led  them  to  think  differently,  have  so  failed  in  their  appreciation 
of  them  that  they  have  regarded  the  ovum  as  simply  an  orgemc 
molecule,  thus  putting  an  end  to  all  dispute  in  their  own  minds  as  to 
the  doctrine  of  spontaneous  generation  and  epigeneses. 

I  have  thought,  if  anything  were  wanting  in  embryology  to  render 
such  views  complete,  the  complement  could  be  fully  found  in  its 
counterpart  science,  spermatology ;  and  I  have  therefore  taken  it  up 
in  that  connection. 

What  embryology  is  to  the  female,  that  spermatology  is  to  the 
male.  In  a  histological  point  of  view,  the  process  is  the  same  in  each 
sex.  In  the  one,  you  have  a  simple  cell  passing  on  in  development  to 
a  new  being ;  in  the  other,  you  have  a  simple  cell  passing  on  to  the 
development  of  an  organic  vitalizing  particle,  which  is  the  prototype 
oi  that  being.  There  is,  however,  this  difference,  which  should  be 
remembered  :  it  is,  that  in  embrydogy,  the  new  individual  form  is 
the  result  of  the  codperation  of  the  two  sexes ;  while  in  spenpa: 
tology,  it  is  the  result  of  one.  Therefore  our  philosophical  studies  in 
the  latter  begin  for  the  most  part  where,  in  the  former,  they  have 
ended ;  for  the  spermatic  particle  is  the  material  expression  of  the 
male,  both  generally  and  specially  :  it  is,  in  fact,  the  male  embryo. 
The  course  of  study  by  which  this  important  truth  has  been  ascer- 
tained, 1  have  treated  of  in  another  place. 

We  here  begin  with  the  simple  testicular  cell,  the  grovrth  of  which 
we  watch  until  it  has  become  the  great  compound  mass,  the  parent 
sperm-cell,  in'which,  by  a  naodification  of  its  contents,  are  developed 
the  spermatic  particles.  These  organic  particles  are  the  true  and 
only  fertilizing  agents  in  the  process  of  fecundation,  in  whidi,  ex- 
perience has  shown,  that  they  do  not  merely  fertilize— that  isr  light 
up  a  pile  before  all  ready  to  bum — but  they  codperate  and  furnish 
conditions  essential  to  the  perfect  result.  We  know  very  well,  that» 
in  the  higher  animals,  where  often  there  is  a  dissimilarity  of  form 
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and  external  appearance  of  the  two  sexes,  tbe  offspring  not  onfre- 
quently  have  all  the  characteristics  of  the  male,  even  down  to  minute 
points. 

In  our  own  species,  we  are  daily  observing  how  correctly  and 
&ithful1y  the  child  often  inherits,  not  only  the  physical,  but  also  the 
peculiar  mental  features  of  its  father ;  and  too  often,  too,  do  we  see 
in  the  same  inheritance  a  variety  of  disease.  Now,  experiment  has 
riiown  that,  in  this  process,  a  single  spermatic  particle  only  is  re- 
quired, and  that  there  is  no  incorporation  of  its  substance  with  the 
ovum,  but  that  the  whole  is  accomplished  by  mere  contact  with  the 
periphery  of  the  ovum.  We  have,  then,  in  a  word,  the  organic 
particle  of  a  male,  microscopically  minute,  which,  by  mere  contact* 
and  without  any  material  loss,  transmits  to  the  ovum  not  only  the 
potential  whole  of  the  male  generally,  but  particular  mental  and 
physical  characteristics.  It  must  be,  therefore,  that  in  a  minute  par- 
ticle of  matter  there  be  hidden  often  not  only  the  silent  thoughts  or 
prototypes  of  poetry  and  art,  but  also  of  peculiar  love  and  affection. 

It  cannot  be  otherwise,  and  is  no  more  difficult  to  be  comprehend- 
ed, nor  is  the  idea  less  beautiful  in  suggestion,  than  that  these  same 
thoughU,  when  matured  in  after  life,  with  daily  expression,  should 
occupy  the  strange  relation  which  they  do  with  the  material  substance 
of  the  brain. 

It  is  argued  that  the  idea  of  transmusitm  of  force  is  quite  un- 
physical ;  because,  say  the  chemists,  that  only  which  is  substantial 
can  be  communicated.  But  this  I  consider  simply  reasoning  on  die 
ground  that  a  condition  in  nature  is  impossible,  because  it  eludes 
our  means  of  study  and  observation.  But  if  we  are  led  to  take  views 
like  these,  we  must  not  at  the  same  time  suppose  that  all  spermatic 
particles  are,  like  ova,  identical  in  physical  appearance  :  for  the 
spermatic  particle  is  not  the  analogue  of  the  ovum,  but  of  the  new 
being ;  and  as  in  the  latter,  so  in  the  former>  we  find  well-marked 
differences  of  type.  Still  the  physical  characteristics  of  this  particle 
are  not  always  expressive  in  any  way  of  the  individual  of  which  it 
is  the  prototype,  and  both  the  similarities  and  dissinrilarities  afford 
a  fine  argument  on  the  point  we  are  now  discussing.  For  instance,  I 
can  show  a  spermatic  particle  of  a  duck,  which,  as  to  external  i^ 
pearance,  as  well  as  by  micrometrical  measurement  as  to  length, 
breadth  and  thickness,  cannot  be  distinguished  in  any  way  from  an* 
other  of  a  reptile  :  yet  in  the  one  is  embodied  the  idea  of  a  bird, 
even  to  the  color  of  ito  plumage ;  while  in  the  other  is  embodied  tbe 
thought  of  a  reptile. 
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But  there  is  another  point  from  which  I  wish  to  view  this  subject, 
and  which  takes  us  still  further  back  in  histology.  I  refer  to  the  type 
of  the  spermatic  particle  itself.  In  any  animal,  there  is  but  one  ^rm 
of  this  minute  particle ;  and  from  it  there  is  never  any  Tariation, 
any  more  than  there  is  in  the  elimination  of  the  embryo  from  the 
female ;  and  exactly  as  there  resides  in  the  ovum  the  thought  or  idea 
of  a  certain-shaped  future  embryo,  so  it  may  be  considered  there 
exists  in  the  sperm-cell  the  thought  or  idea  of  a  peculiarly  formed 
spermatic  particle.  This  may  be  safely  inferred  from  the  uniformity 
of  results  with  which  we  meet ;  but  in  the  course  of  my  studies  in 
this  direction,  I  have  met  with  phenomena  which  illustrate  this  point 
in  a  striking  and  beautiful  manner,  and  at  the  same  time  exemplify 
to  us  how  wondrous  and  how  certain  is  this  type-power  in  the  ulti- 
timate  attainment  of  its  object. 

With  one  or  two  preliminary  remarks,  I  can  show  what  I  here 
mean.  In  the  development  of  a  spermatic  particle,  you  have,  as  I 
have  before  said,  the  parent  sperm-cell,  which  is  a  large  cell  filled 
with  smaller  ones,  each  of  which  is  nucleated.  The  direct  formation 
of  the  spermatic  particles  here  begins  to  take  place,  and  it  occurs  in 
two  general  modes  :  the  first  is  called  the  tpecial  cell ;  die  second, 
the  fcudcular  mode  of  development.  But  in  some  of  the  rodeutia,  I 
have  observed,  apparently  even  in  the  same  animals,  hath  modes  of 
development;  in  fact,  two  parent  sperm-cells,  side  by  side,  in  one  of 
which  the  spermatic  particles  are  eliminated  by  thefaMdcuHar^  while 
in  the  other  by  ike  sperm-ceU  mode.  The  results  were  exactly  the 
same,  and  the  particles  of  each  could  not  be  distinguished  from  each 
other.  We  have  here,  then,  a  single  identical  result  from  two  dissimilar 
processes.  This  fact  stands  for  a  great  deal ;  for  it  would  appear  that 
whether  the  development  takes  the  right  or  the  left-hand  road,  the 
type-power  brings  out  always  the  same  result.  It  is  destined  to  get 
its  expression  some  way,  and  certainly  appears  to  argue  that  there 
are  dynamics  above  and  beyond  material  forms. 

When  an  artist  portrays  in  sculpture  the  outward  ferms  <^  a 
beautiful  huftian  face,  we  can  have  no  doubt  that  the  image  of  the 
same  lived  in  his  imagination  before  the  material  work  was  com- 
menced.  But  when  the  same  artist  portrays  in  painting  also  the  same 
beautiful  face,  with  exactly  the  same  lineaments,  this  affords  an 
additional  evidence  that  the  conception  was  pure  and  distinct,  and 
lived  as  such  in  his  mind;  and  it  mattered  but  little  whether  it  took 
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this  or  tbat  outward  Tisible  form,  for  the  expresaion  of  the  creatiye 
thought  would  always  be  the  same. 

Exactly  so  is  it  with  spermatic  and  embryonic  typical  forma.  The 
idea  or  thought  behind  each,  proves  its  individuality  by  the  uni- 
formity of  its  expression  :  it  matters  but  little  or  nothing  whether 
gained  in  this  or  that  manner. 

In  conclusion,  let  me  say  that  I  consider  a  thorough  appreciation 
of  these  doctrines,  of  what  may  be  termed  higher  dynamics,  quite 
essential  to  the  progress  of  physiological  science ;  and  I  cannot  see 
why  men  should  retard  it  by  a  series  of  detailed  exphnationa  which 
really  obscure  the  matter.  Why  not  recur  at  once,  for  instance,  to 
vital  force,  for  the  explanation  of  certain  phenomena;  and  then  we 
shall  have  a  point  of  departure,  the  determination  of  the  laws  of 
this  vital  farce  remaining  for  our  future  study. 

Liebig  says  :  '<  As  soon  as  physiologists  meet  with  the  mysterious 
vital  force  in  any  phenomenon,  they  renounce  their  senses  and 
faculties ;  the  eye,  the  understanding,  the  judgment,  the  reflecting 
Acuities,  all  are  paralyzed,  as  soon  as  a  phenomenon  is  declared 
incomprehensible."  I  do  not  consider  this  true ;  or  evMi  if  it  is  par- 
tially so,  it  applies  to  the  chemist  as  well  as  to  the  physiologist.  It 
is  useless  to  cavil  about  these  matters.  We  must  have  terms  to  ex- 
press phenomena.  In  the  natural  world,  one  thing  appears  aloiost 
as  mysterious  as  another.  Even  if  we  do  reduce  everything  to*me- 
chanics  and  chemical  action,  is  the  matter  then  made  more  clear! 
Do  we  know  anything  about  the  fundamental  principles  of  mecha- 
nics or  chemistry  t  Or  is  a  vital  farce  more  mysterious  than  is  vuh 
Htm  with  the  one,  or  affinity  with  the  other  1  Is  it  more  comprehen- 
sible that  an  elective  affinity  should  exist  in  inorganic  particles,  than 
that  animal  types  should  exist  in  organic  ones  1  Of  all  these  mat- 
ters, we  know  nothing  except  from  their  objective  phenomena,  and 
we  cannot  indeed  do  less  than  to  show  a  consistency  in  their  recog- 
nition. 
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E.  ETHNOLOGY  AND  GEOGRAPHY. 


I.  £THNOLOGY. 

1.  Description  of  Samples  of  Ancient  Cloth  from  the  Mounds 
OF  Ohio.     By  J.  W.  Foster,  U.  S.  Geologist. 

I  AYAiL  myself  of  this  opportunity  to  exhibit  to  the  Associatioiiiy 
samples  of  cloth  procared  from  two  mouods  in  Ohio,  nearly  a  hun- 
dred miles  asunder. 

As  far  back  as  the  year  1838,  I  procured  from  a  person  residing 
in  Charlestowu,  Jackson  county,  Ohio,  several  fragments  of  cloth 
which  he  had  taken  a  few  days  previously  frogi  a  low  mound  in  that 
vicinity.  It  was  found  near  the  original  surface,  enveloping  several 
sets  of  copper  rings,  and  for  the  most  part  was  so  far  decayed  as  to 
exhibit  only  the  textile  structure,  but  some  of  the  fragments  were  in 
a  good  state  of  preservation. 

This  fact  was  so  novel  in  itself  and  so  at  variance  with  the  pre- 
vailing ideas  as  to  the  degree  of  civilization  and  the  knowledge  of 
the  arts  among  the  mound-builders,  that  I  hesitated  about  making  it 
public ;  fearing  that  it  might  have  been  a  modem  substitution,  and 
that  by  publishing,  I  might  be  the  means  of  propagating  error.  I 
therefore  refrained,  trusting  that  additional  evidence  might  be 
brought  to  light.  I  have  now  thai  evidence  in  my  possession.  Within 
the  last  six  weeks,  I  have  received  from  Mr.  John  Woods,  a  gentle- 
man who  occupies  a  high  official  station  in  Ohio,  and  whose  stater 
ments  are  worthy  of  all  credence— additional  samples,  accompanied 
by  a  description  of  the  circumstances  under  which  they  were  found. 
I  beg  leave  to  quote  the  letter  of  Mr.  Woods  entire. 

COLUMBUS  (OmoX  July  6,^1851. 

0BAB  Sib  :  I  have  handed  to  Dr.  Idb  a  quantitj  of  the  charred  cloth  which  I 
dug  out  of  a  raound  on  the  west  side  of  the  Great  Miami  river^  in  Madison  town- 
ship, Butler  county,  O.  The  mound  is  about  two  miles  north  of  Middletown. 

The  mound  was  originally  about  twenty  feet  high  :  when  I  first  saw  it,  thirty- 
years  ago^  it  was  probably  sixteen  feet  hig^  It  was  eovered  fif^  yeais  ago  with 
laige  forest  irefl%  •■  I  am  infomisd  by  tlieoldsettUnk 
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The  Cincinnati,  Hamilton  and  Dayton  railroad  rana  through  one  aide  of  tihe 
mound,  half  of  which  has  been  cut  down  for  the  track.  The  workmen  informed 
me  that  they  had  found  an  arrow,  and  a  considerable  quantity  of  charcoal,  cloth 
and  bones.  I  took  a  shovel,  and  after  remoying  the  earth  so  as  to  be  sure  that  I 
was  down  as  far  as  the  formation  had  been  disturbed,  I  took  out  severa]  shovels 
lull  of  earth,  coal  and  doth  :  the  charcoal  seemed  to  be  that  of  oak  and  sugars 
tree.  Dr.  Ide  will  transmit  to  you  a  larger  quantity  of  the  cloth  than  I  can  send 
in  a  letter.  I  have  preserved  it  in  the  condition  in  which  I  found  it  in  the  mound, 
as  nearly  as  practicable.  The  workmen  said  they  had  found  pieces  of  doth  con- 
nected with  tassels,  or  ornaments  of  doth.  I  have  retained  about  half  the  quan- 
tity which  I  took  out  of  the  mounds 

About  ten  feet  from  the  top  of  the  mound  there  was  a  firm,  compact  stratum 
of  fine  clay,  about  an  ineh  thick,  which  appeared  as  if  it  had  been  burned  ontfl 
it  was  red ;  under  this,  near  the  middle  of  the  mound  was  another  stratum,  of  a 
beautiful  fine,  yellow  or  cream-colored  clay,  entirely  different  from  any  in  the 
neighborhood.  Under  this  stratum  of  yellowieh  day  I  found  the  charcoal,  dotib 
and  bones ;  they  were  so  loose  that  I  could  almost  with  my  hand  sink  down  the 
shovel  eighteen  or  twenty  inches.  The  bones  which  I  found  were  few  and  small 
I  did  not  understand  that  any  large  ones  were  found.  Very  little  earth  appeared 
to  be  mixed  with  the  cc^  and  doth,  which  were  evidently  in  the  position  in 
which  they  had  been  placed  when  buried  and  covered  up.  The  charcoal  appeared 
to  be  on  the  outside  of  the  doth,  which  was  frequently  in  thick  folds ;  half  a 
dozen  thicknesses  being  together. 

One-half  of  the  mound  u  yet  standing  at  the  side  of  the  road ;  and  if  I  can 
find  leisure,  I  will  make  farther  examinations.  The  stratum  of  burned  earth  and 
yellow  clay  did  not  extend  over  the  whole  mound,  or  through  it^  but  occupied 
only  five  or  six  feet  in  extent^  so  far  as  I  discovered. 

The  only  question  which  ariaes  in  my  mind,  as  to  the  time  when  the  diarcoal 
and  doth  were  deposited  in  the  mound,  is  whether  the  mound,  erected  by  an 
anterior  race,  may  not  have  been  made  a  burying  place  by  the  Indians  who  ex- 
isted here  when  America  was  discovered,  and  that  they  had  wrapped  their  dead 
in  the  cloth ;  and,  after  partially  burning  the  bodies,  or  the  bones  and  doth,  had 
covered  up  the  fire.  I  thought  of  this  question  r.t  the  time,  and  was  careful  to 
examine,  as  fully  as  was  then  practicable,  the  condition  of  the  earth  around  and 
over  the  relics  which  I  dug  out;  and  it  appeared  to  me  that  the  original  fonnft> 
tion  eould  not  have  been  diitnrbed  alter  it  was  placed  in  the  mound. 
Y&ry  respectfully  your  obedient  servant, 
J.  W.  FoflTEB.  Esq.,  U,  S.  GeologiaL  JOHN  WOODS. 

Tbeve  is  no  evidence  that  the  North  American  Indians  possessed 
the  art  of  spinning  and  weaving,  when  first  known  to  the  white 
man.  An  art  so  conducive  to  the  comfort  and  convenience  of  man, 
when  once  acquired,  would  not  become  lost  :  nor  would  it  be  rsr 
tional  to  infer  that  this  cloth  was  a  European  fabric  obtained  by  the 
Indians,  substituted  in  the  moaodsa  wiiUn  comparatiyelj  reeeat 
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times,  for  the  following  reasons  :  In  the  Butler  county  mound,  the 
semi-stratification,  descrihed  by  Mr.  Woods,  indicates  no  disturb- 
ance. 

The  material  of  this  doth  is  not  such  as  a  civilized  race  would 
manufacture  to  traffic  with  a  barbarous  one ;  it  being  more  costly 
than  wool,  and  less  adapted  to  the  purposes  of  clothing. 

The  texture  of  some  of  these  samples  could  not  have  been  formed 
in  an  ordinary  loom,  but  is  undoubtedly  the  result  of  handiwork. 

These  facts  have  an  important  bearing  upon  the  ethnology  of  the 
people  by  whom  the  mounds  were  built.  They  indicate  a  higher  de- 
gree of  civilization,  and  a  greater  progress  in  the  arts,  than  had 
been  attained  by  the  Indians  when  first  known  to  the  white  man. 
They  go  far  to  dissever  the  present  race  of  Indians  from  the  mound 
builders ;  a  laborious  and  intelligent  people,  who  have  lefl  abundant 
memorials  of  their  existence  from  the  confines  of  Lake  Superior 
to  those  of  the  Gulf  of  Mexico. 

The  fabric  in  both  samples  appears  to  be  composed  of  some  ma- 
terial allied  to  hemp,  but  less  readily  recognized  in  the  charred 
samples  than  in  the  others ;  and  the  separation  between  the  fibre 
and  the  wood  appears  to  have  been  as  thorough  and  effectual  as  is 
accomplished  at  tliis  day  by  the  processes  of  rotting  and  heckling. 
The  thread,  though  coarse,  is  uniform  in  size,  and  ^n^ii 
regularly  spun.  The  texture  in  the  specimens  from 
Jackson  county,  as  well. as  in  some  of  those  from 
Butler  county,  is  formed  by  the  alternate  intersection 
of  the  warp  and  woof;  but  in  others,  from  Butler 
county,  the  weft  is  wound  once  around  the  warp,  thus : 
a  process  which  could  not  be  accomplished  except 
by  hand. 

I  see  no  reason  to  doubt  that  these  textile  fabrics  are  the  work 
of  the  mound-builders.  The  art  of  spinning  and  weaving  was  prac- 
tised by  the  Penivians,  when  their  country  was  first  invaded  by  the 
Spaniards;  and  samples  of  cloth,  and  the  distafis  on  which  the 
thread  waA  spun,  are  associated  with  the  oldest  monuments.  In 
corroboration  of  this,  I  quote  the  verbal  statement  to  me  of  Mr.  E. 
O.  Carter,  a  gentleman  who  passed  several  years  in  that  country 
and  personally  assisted  in  the  exploration  of  many  of  the  remains 
of  antiquity.  Thus,  at  Pachacamao,  thirty  or  forty  miles  from  Lima, 
where  stands  the  Temple  of  the  SoOv  there  are  numerous  remaioa  of 
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walls,  built  of  adobes,  or  aun-dried  bridfis,  indicadng  die  aite  of  a 
once  largo  and  compact  town.  In  the  huacas^  or  burial  places,  are 
found  numerous  mummies  in  a  sitting  posture,  wrapped  in  many 
folds  of  cloth,  with  an  exterior  covering  of  coarse  matting.  It  is 
composed  of  a  regular  warp  and  woof,  the  thread  being  twisted  or 
spun,  and  is  often  wrought  in  variegated  patterns.  The  fabric  con- 
sists of  the  wool  of  the  lama  or  alpaca,  and  perhaps,  in  some  in- 
stances, of  cotton,  which  here  grows  spontaneously.  In  this  connec- 
tion, it  is  not  unusual  to  fiod  spindles,  with  the  yam  upon  them, 
which  are  sticks,  nine  or  ten  inches  long,  terminated  at  one  end  by 
a  button  :  also,  various  utensils,  indicative  of  the  occupation  of  the 
deceased  j  and  in  some  instances,  personal  ornaments,  consisting  of 
gold  and  silver,  such  as  chaplets  and  bracelets.  Articles  of  pottery, 
filled  sometimes  with  com  and  sometimes  with  cotton,  are  abun- 
dant. 


2.    On  the  Abobioines  of  Nicaeauoua.    By  E.  G.  Squiee,  of 

New-Yoik. 

[Not  reeeived-l 


3.    On  tbe  DrsTiNcrrrE  Cbaracters  of  the  Indians  of  Cali- 
fornia.   By  Dr.  J.  L.  Le  Conte,  of  Philadelphia. 

Much  has  already  been  written  respecting  the  races  of  Indians  in 
the  western  parts  of  America,  and  I  can  scarcely  hope  to  add 
anything  new  to  what  has  already  been  said  concerning  them.  Yet 
having  an  opportunity  of  seeing  many  tribes  not  usually  visited  by 
travellers,  I  have  thought  that  it  might  be  useful  briefly  to  give 
my  observations  on  the  distinctive  characters  presented  by  these 
Indians. 

Should  these  observations  correspond  with  those  already  made  by 
others,  they  will  be  interesting  as  having  been  derived  from  a  differ- 
ent source  :  should  they  not  accord,  they  may  perhaps  give  some 
Ibrther  evidence  on  the  much-vexed  queation  of  the  origin  of  the 
race. 
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The  physical  appearance  of  the  Californian  Indiaiu  has  already 
been  described  so  often*  that  there  is  no  use  in  repeating  the  de- 
scription here.  I  will  merely  say,  that  the  few  Oregon  Indians  I  have 
seen  did  not  differ  in  any  essential  character  from  those  of  California; 
nor  did  the  sea-shore  tribes  differ  from  those  of  the  Sierra,  or  the 
▼alley  of  the  Ck>lorado.  My  notes  are  principally  derived  from  ob- 
serration  of  the  latter  tribes ;  for  the  reason  that  I  remained  longer 
among  them,  and  because  the  absence  of  clothing  in  these  tribes 
permitted  me  to  make  the  requisite  comparisons  more  easily* 

The  special  difference  between  them  and  eastern  Indians  consists 
in  the  greater  extent  of  face,  with  smaller  and  narrower  cranium; 
a  less  decided  obliquity  of  eye ;  a  greater  flatness  of  nose,  dependent 
OB  a  greater  breadth  of  the  also,  and  a  less  firm  cartilage  ;  greator 
protrusion  of  lips,  and  a  more  pointed  chin.  The  last  is  a  deceptive 
character,  and  may  be  produced  simply  by  a  greater  expansion  of 
the  face  below  the  eyes.  The  color  varies,  being  much  darker  in 
some  tribes  than  in  others,  and  is  usually  much  enhanced  by  their 
dirty  habits,  as  they  never  wash  any  portion  of  their  bodies,  except  in 
summer,  as  a  relief  from  the  excessive  heat. 

The  other  characters  more  clearly  separating  this  from  allied 
races,  are,  the  greater  abundance  of  hair  on  the  body,  many  of  the 
males  having  quite  as  much  hair  on  their  legs  as  is  common  in  our 
own  race ;  they  have  also  much  more  liair  on  their  faces  than  other 
Indians,  and  always  have  hair  in  the  axillae.  These  characters  are 
act  found  in  the  females. 

The  differences  in  form  between  the  sexes  are  more  apparent  than 
in  any  other  race*  The  males  are  almost  always  slender  and  well- 
proportioned  ;  while  the  females  are  short,  broad,  and  entirely  desti- 
tute of  all  symmetry.  Nor  is  this  difference  owing  to  the  hard  work 
which  they  are  obliged  to  perform,  for  they  do  not  labor  more  than 
is  usnal  among  savages ;  and,  moreover,  the  same  difference  in  form 
exists  among  the  peons  of  the  ranchos,  where  neither  sex  performs 
any  work  at  all. 

The  difference  noticed  by  Major  Ehoet  in  the  form  of  the  nose 
•of  the  two  sexes  in  the  Maricopas,  does  not  appear  equally  constant. 
Among  the  Yumas,  there  are  many  females  with  straight  noses, 
while  many  males  retain  the  very  decided  snub  form  which  charac- 
terizes bdth  sexes  when  young. 

•  The  mammae  of  the  yonng  females  are  more  acutely  oonical  than 
thoae  of  any  other  women  I  have  seen. 
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In  psychical  character,  these  Datiom  show  still  stronger  differences 
from  the  eastern  ti-ihes.  Quiet  and  submissive,  the  nations  liTing 
with  the  whites  have  assumed  a  servile  condition,  which  under  no 
circumstances  could  have  been  impressed  on  the  eastern  Indian. 
Impertinent,  cowardly  and  treacherous  in  a  wild  state,  they  seize 
every  opportunity  to  molest  and  impose  on  weak  bodies  of  emigrants; 
while  in  the  presence  of  those  whom  they  fear,  they  exhibit  the  most 
abject  submission.  Never  coming  to  an  open  attack  with  the  whites, 
they  rely  only  on  treachery,  and  their  unsuspecting  victims  are  al- 
ways destroyed  with  clubs. 

Another  fact,  which  must  be  considered  as  an  indication  of  a 
psychical  peculiarity  in  the  western  tribes,  is  the  prevalence  of  the 
sounds  khlf  kl  and  tl  in  their  languages,  recalling  at  once  in  their 
softer  forms  the  civilized  languages  of  Mexico.  These'sounda  occur 
also  in  the  Oregon  languages,  becx>ming  more  harsh  in  the  most 
savage  tribes  :  among  them,  too,  is  found  a  set  of  guttural  and  glottal 
consonants  of  theiS;  series,  which  are  entirely  wanting  in  the  eastern 
tribes.  It  is  by  such  analogies  as  this,  rather  than  by  any  affinity  of 
words,  that  we  must  be  guided  in  our  researches  among  savages. 
In  languages  formed  like  those  of  Indians  by  isolated  families,  and 
subject,  from  the  want  of  literature,  to  continual  change,  but  Kttle 
resemblance  may  be  traced  between  the  words  of  different  tribes. 
Where,  however,  the  mental  constitution  of  nations,  when  civiliza- 
tion has  not  interfered  with  the  instincts  of  nature,  is  similar,  the 
manifestation  of  this  similarity  will  be  noticed  in  the  occurrence  of 
characteristic  sounds  in  their  languages. 

The  number  of  articulate  sounds  is  but  small,  yet  the  modifications 
are  very  numerous.  Among  the  nations  capable  of  intellectual  ad- 
vancement, in  the  slow  progress  from  barbarism  to  civilization,  tlie 
harsher  sounds  are  eliminated,  and  higher  consonants  of  tho  same 
aeries  are  substituted.  The  language  thus  preserves  certain  characten 
of  the  class  to  which  it  belongs,  although  it  may  have  been  ao  mo- 
dified that  its  original  form  may  only  be  detected  with  great  difficulty. 
Thus  the  harsh  spasmodic  sounds  of  the  Africans  are  not  the  gut- 
turals of  the  American  Indians ;  nor  are  these  the  aame  as  tbe 
uncouth  sounds  of  the  Australians. 

The  Mexican  language,  highly  cultivated  though  it  was,  and  cou- 
taining  no  articulate  sound  not  existing  in  our  own  tongue,  yet  re- 
tained a  polysynthetic  structure  aa  its  continental  character,  and  an 
excess  of  the  tl  sound  to  aid  us  m  tracing  the  zoological  diviaioo  in 
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which  it  originated  This  is  the  only  mark  that  it  retains  to  show  its 
origin,  'bnd  this  is  a  sound  absent  in  the  languages  of  the  Atlantic 
tribes.  We  are  therefore  led  on  psychical  pounds  to  class,  the  highly 
cultivated  Aztec  with  the  barbarous  tribes  of  western  America. 

As  a  curious  analogy,  illustrating  the  psychical  relations  existing 
between  the  Mexican  nations  and  the  western  tribes,  I  will  mention 
that  on  some  highly  sculptured  pipes  procured  at  Nisqually  by  Dr. 
Phillips,  U.  S.  N.,  I  was  surprised  to  see  human  figures  in  very  dis- 
torted positions,  as  if  crushed  down  with  immense  weights,  precisely 
like  those  figured  as  occurring  at  Palenque,  Uxmal,  and  other  cities 
of  central  America,  as  basal  ornaments  of  columns. 

Now,  although  the  comparison  between  a  stone  pipe  and  these 
wonders  of  original  architecture  may  be  considered  trifling,  yet  I 
view  this  similarity  of  aesthetic  ideas  among  nations  having  no  con- 
nection with,  each  other,  and  separated  by  such  a  lapse  of  time,  as 
of  considerable  interest.  If  rightly  viewed,  this  fact  should  teach,  as 
will  the  relations  of  language  already  mentioned,  that  beside  the 
spiritual  similarity  which  stamps  itself  on  the  highest  as  well  as 
the  lowest  form  of  humanity,  there  are  still  more  special  resem- 
blances which  are  confined  each  to  a  particular  race,  and  remain 
impressed  on  that  race  in  the  depths  of  barbarism,  as  well  as  under 
the  light  of  intellectual  culture. 

It  is  diflicult  to  understand  why  this  view  may  not  be  extended 
to  those  still  more  spiritual  ideas,  which  are  embraced  in  the  term 
tradition ;  the  material  resemblances  in  the  ornaments  of  distant 
tribes  being  founded  on  the  accordance  of  principles  of  harmony  and 
beauty,  depending  purely  on  similar  organization  of  the  soul  of  the 
tribes  in  question,  why  should  we  deny  to  the  still  higher  attributes 
of  their  nature,  a  power  of  expressing  themselves  also  in  a  similar 
manner,  without  any  direct  transmission  of  ideas  from  one  to  the 
other.  Why  should  not  the  accordance  in  the  fundamental  obser- 
vances and  doctrines  of  some  of  the  most  different  primeval  religions 
be  ascribed  to  this  spiritual  resemblance,  rather  than  to  the  remnants 
of  a  primeval  revelation,  of  which  there  is  not  a  singler  witness, 
either  historical  or  traditional. 

By  viewing  traditions  in  this  manner,  we  are  again  deeply  im- 
pressed  with  the  fundamental,  incorporeal  unity  of  the  species; 
while  we  perceive  still  more  prominently,  in  the  difference  between 
classes  of  traditions,  the  original  organic  difference  of  races. 
My  object,  in  the  present  remarks,  is  to  show  that  the  investiga- 
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tion  of  these  traditions  must  be  sabjected  to  scientific  analysis  and 
criticism,  before  they  can  be  allowed  to  give  us  any  certain  data 
oonceming  the  early  history  of  our  species. 


n.  OEOOBAPHT. 


4.  On  Deep  Sea  Soundings.    By  Lieut.  M.  F.  MAimY»  U.  S.  N. 
[  Not  received.] 


6.    Proposal  for  a  TRiooNOMETRfCAL  Survey  of  Nbw-Tobk. 
By  Lieut.  E.  B.  Hunt,  Engineer  Corps  U.  S.  A. 

The  importance  of  obtaining  accurate  delineations  of  the  leading 
geographical  features  of  this  country  is  so  obvious,  and  so  generally 
conceded,  that  it  would  be  superfluous  here  to  elaborate  arguments 
in  its  proof  Geography  is  no  longer  content  with  the  vague  infor^ 
mation  of  first  reconnoissances,  but  demands  the  aid  of  accurate 
methods  and  the  most  perfect  instruments*  Greodesy,  topogpraphy, 
hydrography  are  indispensable  handmaids  to  any  geography  worthy 
a  civilized  nation.  In  a  country  like  ours,  where  so  muiy  physical 
features  are  new  and  interesting,  it  is  particularly  needful  to  obtain 
an  accurate  representation  of  the  multiplied  accidents  of  ^ound. 
There  is  a  grandeur  and  sublimity  even  about  many  of  the  charac- 
teristics of  our  broad  territory,  which  may  well  make  us  proud  to 
picture,  in  topographical  language,  all  the  natural  features  of  this 
home  of  a  nation  now  great,  and  soon  to  be  the  greatest* 

A  nation's  home,  its  mountains,  valleys,  rivers,  lakes,  climate  and 
productions,  enter  so  largely  into  its  history  and  very  vitality,  that 
a  great  importance  must  necessarily  be  attac^d  to  accurate  know- 
ledge of  all  these  particulars.  The  geography  of  a  country  contains 
a  prophecy  of  the  history  of  that  train  of  nations  which,  in  turn,  act 
their  parts  on  it  as  a  stage.  The  mountains  of  Switzerland  and  Soot- 
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land  foretold,  ere  man's  creation,  the  histories  of  a  Tell  and  a  Bruceu 
And  here  we  are  in  a  new  world,  a  world  of  wonders,  over  whose 
surface  are  written  these  cryptic  prophecies  of  the  ever-widening 
vista  of  history  that  is  to  he.  Where  is  the  prophet  who  will  inter- 
pret these  hieroglyphics]  Philosophers  are  all  prophets  within  the 
sphere  of  their  knowledge,  being  made  such  by  their  knowledge. 
Let  the  land  and  water  of  our  country  be  truly  delineated,  and  we 
may  then  forecast  the  future  of  our  history.  This  forecasting  should 
not  be  in  a  spirit  of  vague  wonder,  but  with  an  intelligent  purpose 
to  regulate  and  rightly  act  our  normal  part  in  history.  The  social 
and  political  prospects  of  our  country  are  so'  commingled  with  geo- 
graphical influences,  that  in  the  highest  sense  is  it  important  to  be- 
come familiar  with  the  features  of  our  wide  territory. 

This  country  is  eminent  for  its  internal  improvements,  and  it  is 
evident  how  great  would  be  the  advantage  of  accurate  surveys  in 
connection  ynth  this  rapidly  growing  system.  How  much  accurate 
maps  are  needed,  every  one  must  have  felt  who  has  travelled  through 
the  common  roads  of  the  country.  The  vicinity  of  every  considera- 
ble town  should  be  so  represented,  that  a  stranger  can  understand 
the  network  of  highways  around  it.  In  the  thousand  ramifications  of 
common  social  life,  the  convenience  and  use  of  accurate  maps  is 
felt.  Millions  of  miles  are  needlessly  travelled,  for  the  want  of  pro- 
per maps. 

Surveys  of  the  geographical  features  of  all  the  States  in  the  Union, 
with  the  exception  of  Massachusetts  and  perhaps  New-Jersey,  are 
now  and  must  ever  remain  eminently  needed  until  they  shall  be 
actually  made.  It  is  evident  that  the  time  is  not  distant  when  these 
will  be  emphatically  called  for  by  all  the  combination  of  needs  which 
require  them  of  every  scientific  or  civilized  nation.  They  will  be  made; 
and  why  not  soon  enough  to  give  us  the  benefit  of  their  results  t 
It  is  certain  that  if  we  are  among  those  nations  alive  to  the  power 
and  benefits  of  the  sciences  characterizing  civilized  society,  the 
States  of  this  Union  must  in  turn  be  surveyed  with  that  nice  accu- 
racy which  geodesy  now  demands  and  furnishes.  We  may  then  best 
enter  at  once  on  this  labor,  so  that  the  benefits  as  well  as  the  labor 
may  be  ours,  while  those  who  follow  us  may  enjoy  the  benefits 
without  the  labor. 

It  has  seemed  to  me,  in  view  of  these  and  many  other  considers* 
tions  which  need  not  here  be  adduced,  that  it  is  fully  time  for  New* 
York  to  undertake  an  accurate  geographical  survey  of  her  whole 
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territory.  With  a  population  of  three  millions,  with  wealth  and  re- 
sources making  her  not  unworthy  the  name  of  Empire  Stale ;  with 
an  enlightened  legislature,  which  has  ever  nobly  favored  science ; 
with  thousands  of  highly  educated  citizens,  who  would  fully  appre- 
ciate the  advantages  of  accuracy  in  its  geography  and  topography ; 
with  these,  and  many  other  worthy  stimulants  for  doing  its  high  duty, 
it  has  seemed  to  me  very  proper  here  to  propose,  in  serious  earnest, 
that  a  beginning  should  be  made.  To  nearly  every  member  of  this 
Association,  I  am  convinced  this  subject  need  but  be  named  to 
ensure  hearty  appreciation.  In  this  Association,  now  convened  in  the 
capital  of  the  very  State  in  question,  I  see  the  most  proper  body  for 
actively  urging  the  claims  of  this  proposal  on  the  Government  of 
New- York.  Here,  if  anywhere,  is  a  fair  and  honest  tribunal  for  the 
trial  of  this  proposal,  and  one  to  whose  verdict  respectful  attention 
will  surely  be  conceded.  Permit  me  now  to  say,  that  when  science 
fairly  urges  her  claims  in  the  spirit  of  honest,  true-hearted  devotion 
to  her  own  high  ends,  she  will  ever  find  in  our  legislatures  a  ready 
and  liberal  response.  Let  us  speak  out  truly  our  real  wants,  and  we 
shall  surely  be  heard. 

The  idea  which  I  have  conceived  of  what  a  survey  of  New- York 
should  be,  is  about  the  following  :  Let  a  base  be  measured  in 
Western  New- York,  and  made  the  starting  line  for  a  system  of 
primary,  secondary  and  tertiary  triangulation,  extending  towards 
Pennsylvania  and  New-England.  A  connection  will  be  obtained  in 
the  Hudson  valley  with  the  Coast  Survey  triangulation,  giving  the 
desired  verification.  Plane  tabling  should  extend,  first,  over  the 
ground  around  the  cities  and  large  villages,  so  as  soon  to  furnish 
good  maps  of  the  principal  cities  and  villages,  and  their  vicinities, 
Uiroughout  the  State,  excepting  such  as  are  already  covered  by  the 
Coast  Survey  operations.  The  work  should  then  be  extended  so  as 
to  obtain  the  elements  for  complete  county  maps,  to  be  published 
in  the  general  order  of  population  of  counties,  or  per  square  mile. 
The  hydrography  of  the  interior  lakes  should  also  enter  the  scheme. 
A  general  State  map  would  follow  these.  In  regard  to  harboi*s  on 
the  lake  coast,  it  is  a  question  whether  their  surveys  should  not  be 
left  to  the  General  Government,  the  data  being  furnished  from  the 
State  survey.  In  point  of  accuracy  and  style,  the  work  should  not 
fall  essentially  below  that  of  the  Coast  Survey,  and  might  perhaps 
well  be  assimilated  to  the  operations  for  a  single  section  of  the 
coast.  These  general  hints  seem  suffioient  on  this  point. 
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The  subject  now  submitted  is  one  wbicb  I  trust  will  command 
tbe  cordial  support  of  this  Association ;  and  it  is  impossible  to  check 
tbe  hope  that,  ere  long»  New- York,  like  Massachusetts,  will  be  able 
to  show  a  fair  presentment  of  her  magnificent  area.  It  is  not  by 
chance,  but  by  design  that  this  matter  is  presented  with  special 
reference  to  this  State.  Circumstances  seem  particularly  to  point  to 
it  as  the  State  most  naeding  such  a  survey,  and  best  able  to  under*> 
take  it.  Mjrself  a  native  and  earnest  well-wisher  of  New- York, 
though  now  owing  a  first  fealty  to  all  these  States  united,  it  will  be 
a  grateful  imagination  to  fancy  those  pictures  of  her  widely  diversi- 
fied and  village-dotted  territory,  which  would  result  from  the  pro- 
posed survey.  Flanked  by  the  beautiful  Hudson  and  the  sublime 
Niagara*  with  her  pearl  necklace  of  peaceful  lakes  and  her  towering 
Adirondacks  and  Catskills,  the  picture  would  delight  the  artist, 
interest  the  philosopher,  and  instruct  the  statesman. 

With  the  purpose  of  giving  practical  form  and  initial  existence  to 
the  geographical  survey  of  New- York,  and  to  express  what  may 
fairly  be  presumed  to  be  the  sincere  desire  of  this  Association,  I 
would  now  move  the  following  resolutions  : 

Jiesoivedi  That  the  President  of  this  Association  be  requested  to  appoint  a 
eommittee  of  five  members,  to  prepare  a  memorial  in  the  name  of  this  Associa- 
tion, to  be  addressed  to  the  Governor  and  Legislature  of  New-Yorli;  urging  the 
speedy  oommencement  of  a  Geogi*aphical  Sorvey  of  that  State^  and  presenting  a 
matured  project  of  that  kind  of  survey  deemed  most  desirable,  with  a  careful 
estimate  of  its  cost  :  this  memorial  to  be  duly  presented,  if  possible^  before 
January  next 

Heaolved,  That  this  committee  be  requested  to  consider  the  general  subject  of 
state  geographical  surveys^  and  to  report  thereon  at  the  next  annual  meeting. 
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F,  MECHANICAL  SCIENCE. 


n.  MAKUFACTUSEEL 

1.  On  thb  Economical  Uses  of  thb  Skin  of  tbb  Whitb 
PoRFoisB.  By  T.  S.  Hunt,  of  the  Greological  Commission 
of  Canada. 

Mr.  Hunt  commenced  by  a  description  of  the  habits  and  charac- 
ter of  this  cetacean,  the  Ddphmus  leucoi  of  (3melin,  which  is  a 
native  of  the  Arctic  seas,  particularly  of  the  Gulf  of  the  St.  Law- 
rence and  Hudson's  Bay,  where  it  attains  a  length  of  from  twelve 
to  twenty  feet.  Its  color  is  of  a  nearly  uniform  creamy  white.  The 
fisheries  of  these  animals,  which  are  extensive  in  the  lower  St.  Law- 
rence, were  then  described,  and  the  various  modes  employed  for 
taking  the  animals. 

They  have  long  been  valued  for  their  oil,  of  which  they  furnish  a 
large  quantity  ;  a  beluga  of  twenty  feet  yielding,  in  a  good  season. 
150  gallons  of  superior  oil.  The  general  chemical  and  physical  cha- 
racters of  this  oil  were  then  remarked  upon.  It  is  probably  a  purer 
elain  than  is  obtained  from  any  other  natural  source,  and  in  a  cold 
country  is  thus  of  great  value.  It  is  now  employed  exclusively  fcr 
the  lighthouses  of  the  lower  St.  Lawrence ;  the  board  of  commis- 
sioners h&ving,  after  a  careful  trial,  given  it  a  preference  over  all 
other  oils  for  illuminating  purposes. 

The  skin  of  the  beluga,  freed  from  its  epidermis,  and  a  thick  mu- 
cous layer  which  underlies  it,  has  been  found  to  be  capable  of  being 
made  into  leather  of  a  very  superior  quality.  The  process  is,  in  many 
respects,  very  different  from  that  which  is  required  for  the  manufac- 
ture of  other  skins,  and  is  the  result  of  a  long  series  of  carefiil 
experiments,  by  Mr.  C.  H.  Tetu,  of  Riviere  Quelle,  who  has  recently 
obtained  a  patent  for  the  invention.  The  leather,  in  its  ordinary  form, 
has  the  thickness  of  sole  leather ;  but  its  peculiar  and  valuable  pro- 
perty is,  the  uniformity  and  closeness  of  its  texture,  which  enables 
it  to  be  split  into  three  or  four  parts,  each  of  which,  when  dressed* 
has  the  smoothness  and  uniformity  of  sur&ce  which  usually  belongs 
to  grain  leather.  Thin  sections  of  it  resemble  the  finest  kid,  and  are 
employed  for  the  fabrication  of  gloves.  Other  important  characters 
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of  this  leather,  are  its  great  strength  when  compared  with  calfskin; 
a  peculiar  elasticity,  which  obviates  the  ordinary  tendency  to  wrinkle 
and  fold;  and,  to  a  great  degree,  imperriousness  to  water. 

Such  are  the  general  features  of  this  discovery,  which,  from  the 
abundance  in  which  the  animals  are  found,  promises  to  be  of  very 
high  importance  in  an  industrial  and  commercial  point  of  view. 

The  new  process  of  M.  Tetu  has  also  been  successfully  applied 
to  skin  of  the  common  whale  of  the  gulf,  which  yields  an  excellent 
coarse  leather. 


2.     The  Process  op  Manufacturing  White  Zinc  Paint,  bt  thb 
New-Jersey  Mining  Company.    By  A.  C.  Farrington,  Esq., 

of  Newark,  N.  J. 

The  New-Jersey  Exploring  and  Mining  Company  prepare  the  white 
oxide  of  zinc  from  the  red  zinc  ores  of  New-Jersey,  in  the  following 
manner,  at  their  establishment  in  Newark  : 

The  crude  ore,  as  obtained  from  the  mine,  is  stamped  and  grpund 
so  fine  that  the  coarsest  grains  do  not  exceed  one-eighth  of  an  inch 
in  diameter  :  it  is  then  mixed  with  an  equal  bulk  of  fine  anthracite 
or  dust  coal,  preparatory  to  being  introduced  to  the  furnace. 

The  furnace  is  an  oblong  muffle,  built  with  fire-bricks,  the  top  of 
which  is  a  flattened  arch  not  exceeding  ten  inches  in  height.  The 
present  dimensions  of  the  furnace  hearth  are  seven  feet  by  fourteen. 
The  fire  grate  is  at  one  end  ;  and  the  heat  is  so  introduced,  that  it 
flows  alofig  the  top  and  sided,  returning  through  side-flues  under  the 
bottom,  and,  passing  back  through  a  central  passage  to  the  rear  end 
of  the  furnace,  makes  its  exit  by  descending  to  an  underground  flue 
leading  out  of  the  building  to  the  chimney.  The  charge  is  introduced 
through  a  brick  funnel  built  from  the  centre  of  the  muffle,  and  is 
covered  with  a  tile  and  with  coal  dust.  The  charge  is  spread  and 
stirred  by  openings  to  the  muffle  each  side  of  the. fireplace,  and  a 
large  one  at  the  opposite  end,  through  which  the  residuum  is  raked 
when  the  charge  is  sufficiently  worked. 

At  the  end  of  the  furnace  opposite  the  fireplace,  there  is  a  flue 
connected  with  the  interior  of  the  muffle,  through  which  the  zinc 
yapor  and  carbonic  oxide  pass.  A  sheet-iron  pipe  sixteen  inches 
diameter  is  adjusted  to  this  flue,  having  an  aperture  of  about  one 
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hundred  inches  area  for  the  admission  of  aftnospheric  air.  This  pipe 
connects  with  a  large  one  of  five  feet  diameter,  that  leads  into  a  bnck 
tower  twelve  feet  square  and  thirty  feet  in  height,  having  a  sheet- 
iron  roof.  Near  the  upper  part  of  this  tower,  several  large  pipes 
pass,  for  the  purpose  of  conveying  air  to  assist  in  cooling  the  heated 
gases  and  zinc  oxide.  From  this  tower  the  zinc  is  conducted  through 
sheet-iron  pipes  to  the  receiving  rooms,  where  it  is  collected  in 
muslin  sacks.  The  oxide  of  zinc  and  heated  air  are  drawn  from  the 
furnaces  by  an  exhausting  blower  connected  with  the  sheet-iron 
pipe,  and  impelled  forward  through  the  tower  to  the  sack  receivers. 
The  receivers  are  sewed  together,  and  suspended  in  long  buildings 
separate  from  the  furnace  building.  There  are  now  in  use,  one,  two 
hundred  and  sixty  feet  in  length  ;  one,  two  hundred  and  forty ;  and 
one,  eighty  :  each  one  is  twelve  feet  wide,  and  from  twelve  to  six- 
teen high. 

The  operation  of  the  work  is,  that  when  the  heat  in  the  furnace  is 
sufficient  to  deoxidize  or  reduce  the  ore,  the  vapor  of  zinc  ascends : 
meeting  with  a  current  of  atmospheric  air,  it  becomes  instantly 
oxidized,  and,  passing  through  the  arrangement  of  pipes  named,  is 
caught  in  the  muslin  sacks,  which  are  kept  distended  by  the  force 
of  the  heated  air  driven  into  them,  but  which  escapes  through  the 
meshes  of  the  cloth  without  bursting  the  same.  The  impure  oxide 
that  may  contain  fine  particles  of  the  coal  dust  mixed  with  the  charge, 
never  passes  the  brick  tower,  but  falls  there,  and  is  taken  out  at  the 
bottom.  The  sacks  are  discharged  of  white  oxide  through  muslin 
tubes  placed  at  convenient  distances  along  their  bottoms  ;  and  when 
not  used,  are  tied  like  a  flour-bag. 

To  arrive  at  the  cost  of  working  upon  this  plan,  I  transcribed  from 
the  superintendent's  books  the  following  items  of  costs  for  the  week 
ending  August  8th,  1851  : 

69  tons  of  coal,  at  $4,00  ....  |276,0O 
161  tons  of  coal  dust,  at  2,60  ... .  41 ,25 
28^  tons  prepared  ore,  at  6,00  ... .  151 ,00 
Labor  and  superintendence 222 ,  00 

$690,25 

The  product  was  38500  pounds  of  white  oxide,  showing  that  about 
68  per  cent  was  obtained  from  the  ore  used;  and  the  cost  of  pro- 
duction was  a  fraction  less  than  one  cent  and  eight  milk  per  pound. 
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ALBANY  MEETING,  1851. 


A.   HISTORY  OF  THE  MEETINO. 

The  Seventh  Meeting  of  tbe  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Albany  (New-York),  commencing  on 
Monday  August  19,  and  continuing  until  Saturday  August  24.  The 
Standing  Committee,  as  usual,  held  a  meeting  on  Monday  the  26th, 
for  the  completion  of  unfinished  business. 

The  number  of  members  present  during  the  week  was  greater 
than  at  any  previous  meeting  :  the  list  of  names  registered  amounted 
to  1 94  ;  and  many  persons,  it  is  known,  omitted  their  duty  in  this 
respect.  One  hundred  and  twenty-one  new  members  were  elected. 

The  papers  read  amounted  to  134,  classified  as  shown  in  the  table 
of  contents.  It  is  to  be  regretted  that  so  many  are  entered  as  not 
received  ;  the  authors  having  failed  to  send  them  in,  so  as  to*  be  in- 
cluded in  the  volume  of  proceedings. 

The  general  meetings  of  the  Association  were  held  in  the  rooms 
of  the  Albany  Academy.  The  meetings  of  the  sections  were  held 
partly  in  the  same  building,  and  partly  in  the  State  House. 

The  Annual  Address  was  delivered  by  Dr.  6 ache,  the  retiring 
President,  in  the  State  House,  Thursday  evening.       • 

The  members  of  the  Association  were  most  liberally  entertained 
on  successive  evenings  by  His  Excellency  Grovemor  Hunt,  and  by 
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Messrs.  Lansing,  Corning,  Prentice,  and  Olcott.  By  iDvitation  of 
the  City  Authorities  of  Troy,  and  the  Rensselaer  Institute  of  the 
same  place,  a  meeting  was  held  in  this  city,  aAer  which  an  entertain- 
ment  was  provided  by  them.  The  members  of  the  Association  pro- 
ceeded to  Troy  in  carriages  furnished  by  the  corporate  auihoritici 
of  Albany,  and,  on  their  way,  stopped  at  the  Watervliet  Arsenal,  by 
invitation  of  Colonel  Baker. 

A  number  of  letters  and  communications  were  received  from 
various  corporate  bodies,  offering  the  use  of  rooms,  collections,  etc ; 
which  will  be  found  under  a  special  head. 

Among  the  several  invitations  in  regard  to  the  next  place  of 
meeting,  the  Association  accepted  that  of  the  City  of  Cleveland, 
tendered  by  its  Corporation,  through  the  Mayor,  Hon.  W.  Casb. 
The  time  selected  was  the  third  Wednesday  o£  August  (the  ISth), 
1852. 

The  expense  of  publishing  the  volume  of  proceedings  of  the 
Albany  Meeting  was  assumed  by  the  citizens  of  Albany,  and  a  sum 
of  money  raised  sufficiently  large  for  the  purpose. 

In  addition  to  the  papers  presented  to  the  Association,  varioos 
articles  of  interest  were  exhibited,  as  specimens  of  flax  cotton,  by 
Prof  MiTCHEL  ;  daguerreotypes  of  the  sun  during  the  late  eclipse, 
by  D.  H.  Wells,  Esq.  Dr.  H.  Goadby  presented  microscopic  and 
other  objects  preserved  in  his  fluids ;  and  Mr.  Hotcukiss,  a  new 
mode  of  preserving  plants  in  a  herbarium. 

The  changes  in  the  Constitution  passed  at  the  New-Haven  Meet- 
ing were  adopted,  with  certain  modifications,  as  will  be  seeu  under 
the  head  of  Resolutions  of  the  Association. 

The  officers  elected  for  the  ensuing  meeting  consist  of  Prof.  B. 
Pbircb  of  Cambridge,  President ;  Prof  J.  D.  Dana  of  New-Haven, 
General  Secretary  ;  Dr.  A.  L.  Elwyn  of  Philadelphia,  Treasurer. 
The  Permanent  Secretary,  Prof.  S.  F.  Baird  of  Washington,  holds 
his  office  for  three  years  from  August  1850. 
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B.  XNYITAXIONS  RECEIVED. 


FniD  the  ConiDtn  Cincil  if  fti  City  of  ilbnif . 

IN  GOBfMON  GOUNGEU  AuffuH  4,  185a 
Whxbxas  it  hftB  been  represented  to  this  Board  that  a  meeting  of  the  Amerieaa 
Anociation  for  the  Advancement  of  Science  is  to  be  held  in  this  city  on  the  third 
Monday  of  Angnst  instant ;  and  whereas  in  view  of  its  importance  and  advantage 
to  the  country  at  large,  and  in  oonlbrmity  to  the  eetablidied  eostom  of  the  eor> 
porate  authorities  in  other  cities  where  the  meetings  of  the  Association  haya 
heretofore  been  held,  in  proffering  their  accustomed  civilities : 
Therefore, 
Jle9olved,  That  the  hospitalities  of  our  city  be  tendered  to  the  said  Association, 
and  that  its  members  be  invited  to  visit  the  public  institutions  and  the  Rural 
Cemetery ;  and  that  the  Mayor,  with  the  Committee  on  Academies  and  Schools^ 
be  requested  to  make  the  necessary  arrangements  for  carrying  the  same  into  effect 
Adopted.  (A  true  copy.)    THOMAS  B.  MORROW,  OZfri; 


From  the  Regents  of  the  Unirersitj  of  the  State  of  New-rirl 

At  a  Meeting  of  the  Regents  of  the  Universify  of  the  State  of  New-Tork,  held 

June  25,  1851 : 

The  Regents  having  been  officially  informed  that  the  Annual  Meeting  of  tha 
American  Association  for  the  Advancement  of  Science  is  i^pointed  to  be  held  in 
this  city  during  the  month  of  August  next : 

RidUved^  That  the  Regents  hereby  invite  the  members  of  the  Assodatioii  to 
visit  the  State  Library  and  the  State  Cabinet  of  Natural  History,  and  to  avail 
themselves  of  the  privileges  granted  to  the  visitors  of  those  coUecUona. 

Bemdtfcd,  That  a  copy  of  the  above  be  sent  to  the  Local  Secretary  of  tha 
Association.  (A  true  extract  from  the  minutes.) 

T.  R0ME7N  BECK,  Seentor^ 


FioiD  the  Albany  Institute. 

At  a  Meeting  of  the  Albany  Institute^  held  June  19th,  1851,  the  IbllowiBf 
resolution  was  passed : 

Rmolited,  That  the  uae  of  the  roonn^  library  and  ooUeetions  of  the  Institute  be 
offered  to  the  American  Association  for  the  Advancement  of  Science,  during  hi 
•oming  session  in  this  dtj.  QEORQB  E.  COOK,  J2«a  i8Mritef|k 
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From  the  Albany  Academy. 

ALBANY  ACADEMY,  Jime  18,  1851. 
G.  E.  PKBKINB,  ESQ. 

Dear  Sm  :  At  a  Meeting  of  the  Trastees  of  the  Albany  Academj,  the  foUowxng 
preamble  and  reeolations  were  unammoniBly  adopted  : 

The  TruBteee  of  the  Albany  Academy  haying  been  informed  that  a  meeting  of 
the  American  Aisociation  for  the  Adyancement  of  Science  had  been  appointed  to 
be  held  in  thia  city  in  Angnst  1861 : 

Retolvedt  That  the  nae  of  the  rooms  of  the  Academy  be  tendered  to  said 
AMociation  for  its  meetings. 

Re^olv^d,  That  a  copy  of  this  resolntion  be  forwarded  to  the  Local  Secretary 
of  the  Association.  (True  copy.)    WILLIAM  H.  CAMPBELI^  (Herk. 


From  the  Albany  Female  Academy. 

Ths  Tnistees  of  the  Albany  Female  Academy  learn  with  pleasare  that  a  meeting 

of  the  American  Association  for  the  Adyanoement  of  Science  will  be  held  in  this 

city  in  Angnst  next ;  and  in  tendering  the  members  of  said  Association  a  weloome, 

we  wonld  also  tender  them  the  nse  of  oar  rooms^  and  free  access  to  our  library. 

Albaitt,  Jyly  8,  1851.  By  Order  of  the  Board. 

W.  L.  MARCY,  PreMmt 
L.  a  PAESONS^  SccrOary. 


From  the  Albany  Medieal  College. 

Thi  Tmsteee  of  the  Albany  Medical  College,  haying  learned  that  the  Annual 
Meeting  of  the  American  Association  for  the  Adyancement  of  Science  is  to  be  held 
in  this  city  during  the  present  month,  wonld  respectfully  inyite  the  members  of 
the  same  to  yisit  their  institution  :  they  also  tender  them  the  use  of  their  rooms, 
for  any  of  their  general  or  section  meetings.  IRA  HARRIS^  PreddenL 

Albany,  Avyuti  1,  1861. 


From  the  State  Normal  School 

ALBANY,  Jtme  17,  1851. 
G.  E  PEBKINS,  ESQ. 

Dear  S3  :  At  a  Meeting  of  the  Ezecutiye  Committee  of  the  State  Normal 
School,  held  to-day,  the  following  preamble  and  resolutions  were  unanimously 
adopted : 

The  Ezecutiye  Committee  of  the  State  Normal  School,  bein^  informed  that  the 
Annual  Meeting  of  the  American  Association  for  the  Adyancement  of  Science  will 
be  held  in  this  city  in  August  next, 

JUtolvedf  That  the  use  of  the  rooms  in  the  State  Normal  School  be  tendered  to 
iaid  Association,  for  its  meetings. 

IU9ohedf  That  «  copy  of  this  resolution  be  forwarded  to  the  Local  Secretaiy 
of  the  Association.  (True  oopy.)    WILLIAM  H.  CAMPBELL^  B^er^tarf, 
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Pnm  the  ilbanj  Tenn;  Hen's  Association. 

ROOMS  OF  THE  ASSOCIATION,  Albany,  Jum  14,  1861. 

Whebxas  the  American  ABsociation  for  the  Advancement  of  Science  hiTc 
favored  this  city  as  the  place  of  their  meeting  in  August  next : 

Jiesolved,  That  we  extend  to  the  members  of  said  Association  our  friendly 
salutations,  and  a  cordial  welcome  to  our  city. 

Reiolvedt  That  the  free  use  of  our  reading  rooma^  lecture  room  and  library,  be, 
and  the  same  is  hereby  tendered  to  the  members  of  the  said  Association,  during 
their  stay  in  Albany.  • 

BeMolved,  That  this  Association,  collectively  and  as  individuals,  will  take  pride 
in  rendering  the  visit  of  the  American  Association  amoug  us  agreeable  to  its 
distinguished  members^  so  that  it  may  be  a  pleasure  to  them  both  to  remember 
and  to  renew  it 

Retolvedt  That  a  copy  of  these  resolutions,  signed  by  the  President,  and  duly 
attested  by  the  Recording  Secretary,  be  forwarded  to  the  said  Association. 

(A  true  copy  from  the  minutes.)  J.  I.  JOHNSON,  Prendent 

M.  C.  G.  Nichols,  Recording  Secretary, 


From  the  Rensselaer  FoljtechDic  Institate. 

Resolved  hy  the  IVtuteea  of  the  Rensulaer  Polytechnic  Institute,  That  their  best 
wishes,  and  the  hospitalities  of  the  Corporation  be  tendered  to  the  American 
Association ;  and  that  its  members  be  invited  to  visit  the  rooms  of  the  Institution, 
at  such  time  during  their  session  at  Albany  as  may  best  suit  their  convenience. 

Retolved,  That  Professor  Grexnk  be  requested  to  communicate  the  foregoing 
resolution  to  the  American  Association,  as  early  as  may  be  expedient,  at  their 
present  meeting.  STEPHEN  WICKES,  Secretary  of  the 

Trot,  August  18,  1851.  Corporation  of  the  RewL  Pol,  Institute, 


From  the  Rensselaer  Polytechnic  Institnte. 

TO  THE  STANDING  COMMITTEE  OF  THE  AMERICAN  ASSOCIATION. 
Thb  Trustees  of  the  Rensselaer  Polytechnic  Institute,  hearing  with  great 
gratification  that  it  is  proposed  by  the  American  Association  to  hold  one  of  its 
morning  sessions  at  Troy,  on  the  occasion  of  its  intended  excursion  on  Thursday : 
Therefore, 
Resolved,  That  the  phpical  lecture  room  of  the  Institute,  with  such  other 
rooms  as  may  be  needed,  be  tendered  for  the  use  of  the  Association  in  holding 
the  meeting  before  referred  to.  L  M*CONIHE,  )  p     j 

Tbot,  August  19,  1851.  T.  C.  BRINSMADE.  \  -P"'*^**'  Oom. 
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From  the  Coqudod  Cinncil  tf  the  Citj  of  Clerelani 

MATORB  OFFICER  CLCfSLAXii^  Augutt  18»  185L 
8iB  :  By  a  unanimoot  resolution  of  the  City  Couneil  of  Cleyeland,  I  am  re- 
questeil  to  invite  the  American  Aaeociation  for  the  Advancement  of  Science,  over 
which  you  preside,  to  hold  their  next  annual  meeUng  at  Cleveland ;  and  to  asnre 
you  that  a  place  for  meeting  will  be  furnished,  and  the  proceedings  of  the  Om- 
vention  cheerfully  published  at  the  expense  of  the  City. 

Allow  me,  sir,  to  hope  that  it  may  meet  the  views  of  the  Association  to  aeospt 
this  invitation.  *  I  remain  yours  truly, 

WILLIAM  case;  Jr490r. 
To  Prof.  AoABfla;  Pruideni  of  Am,  A$$oeiati4m. 


0.   COMMITTEES   FBOM   WHICH   BEPOBTB   WERE  DUE*, 

Committee  on  the  Paper  of  Prof.  MircoD*     Reported  and  discharged. 
Committee  on  Prof.  Coaklkt's  Elliptic  Tables  of  Neptune.    Reported  and  &- 

charged. 
Committee  to  examine  the  Experiments  of  Prot  Jobmson  on  Coal&    I>ischai*ged. 
Committee  on  Physical  Constants.    Discharged. 
Committee  on  Annual  Assessments  and  Tickets.    Continued. 
Committee  on  a  Change  in  the  Constitution  providing  for  honorary  membcva. 

Discharged. 
Committee  on  the  Communication  of  Lieut  Maurt  on  Winds  and  Curr^its^   D» 

charged. 
Committee  on  the  Prime  Meridian.    Discharged. 
Committee  in  relation  to  the  United  States  Coast  Survey.    Continued. 
Committee  on  a  Uniform  Standard  of  Weights  and  Measures    Continued. 
Committee  to  memorialize  State  Governments  upon  the  importance  of  oommenenig 

or  continuing  Geological  Surveys.     Continued. 
Committee  to  memorialize  the  Legislature  of  Ohio,  on  the  subject  of  a  Geologieil 

Exploration  of  the  State.    Continued. 
Committee  to  memorialize  the  State  of  Missouri  on  the  same  subject  Contiiniad. 
Committee  for  memorializing  Congress  in  relation  to  Scientifio  Exploratioaft 

Continued. 


•  Tlie  names  of  the  oonunittees  wiU  be  found  in  the  beginmng  of  the 
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D.   NEW   COMMrrrEES  APPOINTED. 

1.  To  examine  Mr.  Ltman's  Teleseope ;  the  Stand  for  Mr.  Sdimonb*b  Telescope; 

and  the  Mountain  Barometer  of  Mr.  Andrews.  Reported  and  dis- 
charged. 

2.  Relative  to  Dr.  Hougu'b  Communication  in  respect  to  reducing  and  publishing 

Meteorological  Obsenrations  in  the  State  of  New-York.  Reported 
and  discharged. 

8.  To  examine  the  Microscope  and  Lenses  brought  to  the  Meeting  of  the  Asso- 
ciation by  Mr.  Spencer.    Reported  and  discharged. 

4.  To  memorialize  Congress  for  an  Appropriation  to  enable  Prot  Mitohel  to 
perfect  and  apply  his  New  Astronomical  Apparatus. 

ft.  To  arrange  the  Details  of  a  System  of  Combined  Meteorological  Obsenratioxui 
for  North  America.    Reported  and  continued. 

6.  To  digest  a  plan  of  reducing  the  observations  made  under  the  direction  of 

the  Regents  of  the  University  of  New- York  from  1826  to  1850,  with 
reference  to  their  publication,  and  to  decide  upon  the  stations  which 
shall  be  included  in  this  reduction. 

7.  To  memorialize  the  State  of  New- York  and  others^  in  regard  to  geographical 

surveys. 


E,   REPORTS   OF  COMMrPTEBS. 

Report  op  the  Committee  on  Prop.  Mitchel's  New  Method 
OF  Observing  and  Recording  Right  Ascension  and  North 
Polar  Distances. 

Prof.  Peirce  presented  ibe  conclusion  of  the  report  on  the  obser- 
vation  of  right  ascension  and  north  polar  distances.  The  committee 
were  very  much  in  favor  of  the  discoveries  made  by  Prof.  Mitchel. 
They  recommended  that  a  committee  be  appointed  to  memorialize 
Congress  to  aid  the  professor  in  bringing  his  investigations  to  a 
close. 

Prof.  Mitchel  then  explained  the  old  methods  of  making  these 
observations,  and  compared  them  with  his  new  method.  He  showed 
that  by  means  of  a  magnetic  key,  when  the  star  was  bisected,  the 
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record  was  made  at  once.  He  had  encountered  many  difficulties  in 
his  examinations  :  sometimes  so  greatly  did  they  increase  around 
him»  that  they  taxed  his  perseverance  to  the  utmost.  When  he  got 
to  measuring  very  minute  arcs,  he  had  met  with  great  sources  of 
error,  which  he  had  eventually  overcome.  He  had  not  the  means  to 
pursue  the  investigation  farther,  so  that  he  had  been  obliged  to  leave 
his  apparatus  in  an  imperfect  state. 

Since  the  New-Haven  meeting,  he  had  commenced  a  series  of 
observations  on  the  sun's  diameter,  which  he  compared  with  the 
observations  in  the  Nautical  Almanac  He  showed  the  minute  power 
of  the  instrument  which  he  had  contrived.  Having  found  that  his 
micrometer  was  imperfect,  afier  reflection  he  had  come  to  the  con- 
clusion that  it  might  be  made  more  perfect.  He  then  explained  how 
he  had  observed  the  declination  of  the  various  stars  as  recorded. 
No  hand  in  the  world  had  sufiicient  steadiness  to  make  such  minute 
marks  as  the  exquisite  marks  made  by  the  instrument  which  he  had 
used.  When  he  discovered  how  perfect  was  the  record  of  the  several 
stars  which  he  had  observed,  he  never  had  had  such  feelings  in  his 
whole  life.  He  named  the  stars  on  which  he  had  made  observations. 
When  he  had  found  out  to  what  the  discrepancies  were  owing,  he 
went  back  with  the '  inicrometer  and  examined  them  still  &rther, 
until  he  had  perfectly  satisfied  himself  where  these  differences 
occurred. 


Report  of  the  Committeb  on  Prof.  Coarlet's  Elliptic  Tables 

OF  Neptune. 

Lieut.  Davis,  from  the  Committee  on  Prof  Coakley's  Tables  of 
Neptune,  made,  by  its  direction,  the  following  report : 

The  committee,  after  deliberation,  has  decided  to  report  against 
the  publication  of  these  tables,  not  because  they  are  in  the  slightest 
degree  deficient  in  accuracy,  but  because  it  is  of  the  opinion  that 
•the  publication  of  purely  elliptic  tables  of  a  planet,  unaccompanied 
by  tables  of  the  perturbations,  would  be  a  retrograde  step  in 
astronomy. 
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Report  of  the  Cohbhttee  on  Dr.  Hough's  Communicatioi^ 
respecting  the  meteorological  observations  hade  in  the 
State  op  New- York, 

The  Committee  to  whom  was  referred  the  communication  of  Dr. 
Hough,  relative  to  reducing  and  publishing  the  Meteorological 
Observations  made  in  the  State  of  New- York  from  1825  to  1850, 
report  the  following  resolutions  : 

Refolved^  That  in  the  judgment  of  this  committee,  it  is  important  that  the 
results  of  the  meteorological  observations  made  in  the  State  of  New- York  during 
the  last  twenty-four  years,  under  the  directions  of  the  Regents  of  the  University, 
be  published. 

Jtetolvedf  That  a  special  committee  of  three  be  appointed  to  digest  a  plan  of 
reduction  of  the  observations,  with  reference  to  their  publication,  and  to  decide 
upon  the  stations  which  shall  be  included  in  this  reduction. 

Rewlved,  That  Dr.  Bbck  and  Professors  Gutot  and  Looms  be  that  committee. 


Report  of  the  Committee  on  Microscopes,  on  the  Lensei 

EXHIBITED   TO   THE   ASSOCIATION   BT   Mr.  SpENCER. 

The  Committee  on  Microscopes  have  the  honor  to  report,  that  they 
have  carefully  examined  several  sets  of  microscopic  objectives,  re- 
cently manufactured  by  Mr.  Charles  A.  Spencer,  of  Canastota, 
New- York ;  and  that,  after  numerous  trials  with  the  most  difficult 
test  objects  known,  they  are  unanimously  of  opinion  that  these  lenses 
are  of  unrivalled  excellence. 

The  perfection  of  these  glasses  was  shown  by  their  admirable 
defining  power,  their  unprecedented  largeness  of  aperture  still  pre- 
serving good  working  distance,  and  by  freedom  from  the  ordinary 
defects  of  lenses.  The  committee  believe  it  unnecessary  to  report 
in  detail  the  different  experiments  made,  but  confine  themselves  to 
the  statement,  that  after  numerous  trials  by  all  the  modes. and  tests 
which  have  been  repeatedly  employed  by  difierent  members  of  the 
committee  in  examining  many  of  the  best  foreign  lenses,  they  have 
arrived  at  results  with  Mr.  Spencer's  objectives  which  they  believe 
have  never  hitherto  been  obtained  by  any  microscopes  in  existence. 
The  low  powers,  as  well  as  the  high  ones,  excited  Uieir  admiration. 


Digitized  by 


Google 


398  PROCBEDINGS  OF  THB   ICEBTINO. 

readily  and  beautifully  resolving  test  objects  hitherto  considered 
entirely  beyond  the  reach  of  glasses  of  corresponding  focal  distance^ 
As  every  improvement  in  the  microscope  has  a  direct  and  most 
important  influence  on  the  progress  of  scientific  research,  the  com- 
mittee believe  that  they  cannot  express  in  too  strong  terms  their 
admiration  of  the  results  obtained  by  the  unaided  efforts  of  Mr. 
Spencer ;  and  however  reluctant  to  appear  in  a  boastful  attitude, 
they  believe  it  would  be  an  act  of  injustice  not  to  state  their  sincere 
conviction  that  Spencer's  objectives  are  now  the  best  in  the  world. 


REPORT  OF  THE  CoMHrTTEE  ON  METEOROLOGY,  ON  THE  ARRANGE- 
MENT OF  A  System  of  Combined  Meteorological  OBSBRVATioNi 
FOR  North  America. 

The  Committee  on  Meteorology,  to  whom  was  referred  by  the 
Association  the  "  Proposition  for  extending  the  system  of  meteoro- 
logical observations  now  in  operation  under  the  direction  of  the 
Smithsonian  Institution,"  respectfully  present  their  report,  and  ask 
of  the  Standing  Committee  their  consideration  of  it,  and  of  the 
resolutions  appended  to  it,  so  that  they  may  be  presented,  if  ap- 
proved, to  the  Association  at  the  present  meeting. 

It  is  not  necessary,  at  the  present  day,  to  go  into  any  argument 
on  the  importance  of  such  observations.  Wherever  civilization  ex- 
tends, their  value  is  recognized,  and  they  are  sustained  by  private 
and  public  exertions.  At  different  times,  systems  of  observations  have 
been  organized  by  different  governments  and  societies  of  the  Old 
World,  for  determining  the  general  and  particular  questions  which 
occur ;  and  in  our  country,  the  General  Government,  and  several  of 
the  State  governments,  as  New- York,  Pennsylvania,  Massachusetts, 
have  kept  up,  for  a  limited  time,  several  series  of  meteorological 
observations,  from  which  results  of  high  importance  have  been 
derived.  • 

Recently  the  British  Government  have  determined  to  maintain 
the  Magnetical  and  Meteorological  Observatory  at  Toronto,  where 
full  observations  are  made  with  instruments  registering  by  photo- 
graphic methods.  Our  own  Government  still  keeps  up  the  obsenrar 
tions  at  the  military  posts,  under  the  enlightened  supervision  of  the 
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Surgeon  Greneral  of  the  Army.  The  Treasury  Department  has,  not 
long  since,  expressed  the  opinion  that  the  keepers  of  light-houses 
should  be  sufEciently  well  instructed  to  make  such  observations.  The 
Navy  Department  fosters  the  meteorological  observations  under  the 
direction  of  the  Smithsonian  Institution.  The  Hudson's  Bay  Com- 
pany have  recently  consented,  on  application  of  the  Association,  to 
establish  observations  at  such  of  their  posts  as  might  seem  desirable 
to  the  Association.  The  States  of  New- York  and  of  Massachusetts 
have  renewed  their  action  in  the  matter.  There  is  a  great  desire  to 
profit  by  these  very  favorable  circumstances  of  our  country,  and  of 
the  present  day,  to  organize  a  system,  which  shall  connect  all  these 
efibits,  otherwise  isolated,  and  to  derive  from  these  and  from  similar 
ones  the  means  of  advancing  the  knowledge  of  the  meteorology  of 
North  America. 

We  expect  to  derive  from  systematic  observations,  extended  over 
as  much  of  our  continent  as  is  accessible  to  us,  at  stations  selected 
in  reference  to  the  problems  to  be  made  out,  a  thorough  knowledge 
of  our  climate  in  all  its  relations,  and  of  its  variations  in  the  same 
and  in  different  localities.  The  mean  temperature  of  points  is  to  be 
determined  with  carefully  verified  instruments,  similar  to  each  other, 
similarly  placed,  and  observed  under  the  same  rules  and  conditions  : 
the  lines  of  equal  mean  temperature  will  result,  and  the  variations 
at  different  seasons  will  be  shown.  The  limits  of  vegetation  will  be 
found,  and  the  areas  of  climate  adapted  to  the  cereals.  The  parallels 
within  which  wheat,  indian  com,  etc.  may  be  profitably  cultivated, 
and  which  present  results  so  different  from  those  found  to  exist  in 
the  eastern  continent  in  Asia,  will  be  determined  accurately.  The 
degree  of  dryness  and  moisture  will  be  ascertained ;  the  amount  of 
rain,  and  the  amounts  of  evaporation  :  questions  not  only  bearing 
upon  the  health  and  comfort  of  man,  but  upon  his  attempts  to  facili- 
tate communication  by  canals  and  the  improvement  of  rivers,  and 
upon  the  means  of  avoiding  or  controlling  floods  and  freshets.  The 
number  of  days  of  rain,  the  number  of  clear  and  cloudy  days,  and 
the  amount  of  loss  of  the  sun's  effect  by  cloudiness,  will  be  deter- 
mined ;  the  direction  and  force  of  the  wind,  and  the  systems  of  winds 
prevailing  in  different  parts  of  the  continent,  and  in  the  different 
seasons  of  the  year.  The  mean  pressure  of  the  air  and  its  variations 
will  be  seen,  as  shown  by  the  barometer ;  from  which  important 
data  in  regard  to  relative  heights  of  points  may  be  obtained,  giving 
the  general  topographical  features  of  our  extended  country,  and 
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serving  as  a  reconnoisance  in  more  distant  parts  of  it  for  railroft& 
or  common  roads  which  may  be  proposed.  The  progress  of  waTes 
of  pressure,  either  connected  with  storms  or  with  the  ordinary  flao- 
tuations  of  the  atmosphere,  will  be  ascertained.  All  periodical  phe- 
nomena will  be  studied  in  connection  with  these  observations  ;  the 
flowering  of  plants  and  trees,  the  ripening  of  grains  and  of  fruits, 
the  migrations  of  animals.  The  frequence  and  intensity  of  the  aurora 
borealis  will  be  determined ;  and  its  singular  variations  in  paseiog 
from  north  to  south,  and  east  to  west,  on  our  continent,  will  be  studied. 
The  direction  of  the  motion,  the  frequency,  the  intensity,  and  other 
circumstances  actuating  our  thunderstorms,  will  be  ascertained.  From 
the  observations  will  result  the  law  of  storms  in  its  full  development ; 
and  its  application  to  all  parts  of  the  continent,  or  limitation  to  par- 
ticular portions,  will  be  entirely  ascertained  ;  an  application  so  im- 
portant to  the  farmer  and  navigator,  so  interesting  to  the  man  of 
science,  and  so  desirable  to  be  known  by  every  one  who  travels  on 
any  of  our  lakes  or  rivers,  or  along  our  extensive  and  sometimes 
stormy  coasts.  The  lines  of  our  telegraphs  will  be  rendered  available 
for  observations  on  this  subject,  more  complete  than  any  which  have 
been  hitherto  practicable ;  and  while  they  enable  us  to  determine 
the  laws  of  storms,  will  also  furnish  the  means  of  giving  notice  of 
their  progress,  and  then  of  anticipating  their  approach* 

The  diseases  incident  to  different  climates,  the  phenomena  of 
malaria,  the  progress  and  laws  of  epidemics,  may  be  studied  in 
connection  with  the  periodical  phenomena  from  carefully  collected 
statistics. 

A  contribution  to  ethnology  may  be  the  statistics  of  the  numerical 
decrease  of  the  Indian  races,  to  the  interest  of  which  many  minds 
in  this  country  are  fully  alive. 

These  are  only  a  portion  of  the  results  which  may  be  expected 
from  a  wide-spread  and  well-organized  system  of  meteorological 
observations. 

We  would  propose,  therefore,  to  establish  at  once,  in  addition  to 
those  which  now  exist,  fifty  meteorological  stations  in  the  positions 
named  below ;  to  supply  the  primary  stations  with  a  full  set  of  in- 
struments, carefully  compared  and  of  uniform  construction,  namely,  a 
thermometer,  barometer,  hygi-ometer,  rain  and  snow  gage,  and  wind 
vane ;  to  cause  hourly  observations  to  be  made  at  six  or  eight  stations, 
and  observations  three  timed  a  day  at  all  others,  according  to  the 
same  system* 
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The  following  list  includes  stations  already  occupied,  which  are, 
however,  marked  to  distinguish  them  from  those  which  it  is  proposed 
to  establish : 

LIST  OP  THE  METEOROLOGICAL  STATIONS  TO  BE  ESTABLISHED. 

Sub-Tbopical  Zone.  Key  West^  Florida;  Point  Isabel,  Rio  del  Norte;  New- 
Orleans,  Louisiana. 

WAmic  Tempekatk  Zonk  A.  St  Angnstine,  Florida;  Tuscaloosa,  Alabama ;  Vleks- 
bnrgb,  Mississippi;  Fredericksburg,  Texns;  £1  Paso,  New  Mexico;  San 
Diec:o,  California.  B,  Chapel  Hill,  Carolina;  Knoxville,  East  Tennessee; 
Nafthville,  West  Tennessee ;  Fort  Atkinson,  Indian  Territory:  Fort  Washita, 
Indian  Territory;  Santa  Fe,  New  Mexico. 

Middle  Tempebatk  Zonk.  A,  X,  Washington,  D.  CL;  Lexington,  Virrinia;  Fort 
Leavenworth,  Indian  Territory;  Bent's  Fort*  do,  B,  X,  New-York  City, 
New- York;  a  central  point  Pennsylvania;  SteubenvUle,  Ohio;  Columbus, 
da;  Indianapolis,  Indiana;  Springfield,  Illinois;  Bloomington,  Iowa. 

Middle  Tkmpehate  Zokx  (continued).  Fort  Kearney,  M  T. ;  Fort  Laramie,  Bl  T. ; 
Salt  I^ike,  Utah:  Fort  Hall,  Oregon;  Nueva  Helvetia,  California;  San 
Francisco,  do. 

Cold  Temperate  Zonel  Bowdoin  College,  Maine;  Dartmouth  College,  New- 
Hampshire;  Burlington,  Vermont ;  Kingston,  Canada;  Manitoulin  Island, 
or  Bruce  Mines,  Canada;  Lansing,  Michigan;  Milwaukee,  Wisconsin;  Fort 
Gaines,  Minnesota;  Fort  St  Pierre,  Minnesota  Territory;  Fort  McKenzie, 
do. ;  Fort  Kootanie,  Oregon ;  Fort  Walla  Walla,  do. ;  Fort  Vancouver,  do. ; 
three  new  light-houf  es  along  the  coast  from  Oregon  to  Point  Conception, 
California. 

RESOLimONa 

RfoLved,  That  the  Committee  on  Meteorology  recommend  to  the  American 
Association  for  the  Advancement  of  Science,  the  appointment  of  a  committee  to 
memorialize  Congress  in  regard  to  the  immediate  extension  of  the  system  of  me- 
teorological observations  now  making  in  the  United  States^  under  the  direction 
of  the  Smithsonian  Institution. 

Resolved,  That  this  committee  be  authorized  and  directed  to  request  the  Secre- 
tary of  the  Treasury  to  provide  for  the  making  of  meteorological  obeervationa, 
according  to  the  directions  of  the  Smithsonian  Institution,  by  the  keepers  of  the 
light-houses  which  are  to  be  established  at  points  on  the  Western  Coast  of  the 
United  States,  named  in  the  reports  of  the  committee  on  meteorology. 

Remilvedt  That  the  same  committee  be  requested  to  address  the  Surgeon  Gene> 
ral  of  the  United  States  in  reference  to  the  co-operation  of  this  department  in 
the  same  system,  and  to  suggest  the  loeations  named  in  the  report  of  the  oom- 
mittce  on  meteorology  as  those  where  the  observations  should  be  made. 

Resolved,  That  the  same  committee  be  requested  to  memorialize  the  Canadian 
Oovemment,  and  the  several  legislatures  of  the  States  of  our  Union,  asking 
their  co-operation  in  the  foregoing  sjrstem  of  obeerrationiL 

Resolved,  That  the  same  committee  be  requested  to  inform  the  Hudson's  Bay 
Company  of  the  steps  which  have  been  taken  to  carry  into  effect  the  system  re- 
ferred to  in  the  memorial  addressed  to  them  by  this  Association,  at  the  last 
aimnal  meeting. 

26 
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F.   KEBOLUTIONS   AND   ACTS   OF  THE   AflSOCIATIOir. 

Resolved,  That  no  papers  be  accepted  by  the  Association,  unless 
their  titles  be  registered  before  Thursday  morning  (unless  by  Tote 
of  the  standing  committee). 

Resolvedt  That  the  standing  committees  of  the  sections  be  re- 
quested, before  the  close  of  the  meeting,  to  present  to  the  Permanent 
Secretary  a  list  of  the  papers  which  have  been  read  in  the  sections' 
and  which  they  desire  to  have  published. 

Resolved,  That  hereafter  all  members  of  this  Association  are 
particularly  desired  to  forward  to  the  Permanent  Secretary,  so  as  to 
be  received  before  the  day  appointed  for  the  Association  to  convene, 
complete  titles  of  all  the  papers  which  they  expect  to  present  during 
its  meeting,  with  an  estimate  of  the  time  required  for  reading  each, 
and  such  abstracts  of  their  contents  as  may  give  a  general  idea  of 
their  nature. 

Resolved,  That  the  foregoing  resolution  form  part  of  the  Circolar. 

Resolved,  That,  considering  the  circumstances  in  which  they  were 
placed,  the  members  of  this  Association  do  entirely  approve  of  the 
action  of  the  standing  committee  of  this  year. 

Resolved,  That  the  annual  fee  of  membership  be  $2,00 ;  and  that 
payment  of  an  additional  dollar  entitle  a  member  to  a  copy  of  the 
Proceedings  of  the  Meeting. 

Resolved,  That  all  members  of  the  Association  who  have  not  paid 
their  dues,  aflcr  the  issue  of  two  circulars  at  intervals  of  three 
months,  notifying  them  of  that  fact,  be  stricken  from  the  roll  by  the 
Permanent  Secretary. 

Resolved,  That  the  President  of  this  Association  be  requested  to 
appoint  a  committee  of  seven  members,  to  prepare  a  memorial  in 
the  name  of  this  Association,  to  be  addressed  to  the  Governor  and 
Legislature  of  New-York,  urging  the  speedy  commencement  of  a 
geographical  survey  of  that  State,  and  presenting  a  matured  project 
of  that  kind  of  survey  deemed  most  desirable,  with  a  careful  estimate 
of  its  cost  :  this  memorial  to  be  duly  presented,  if  possible,  before 
January  next. 
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Reidved,  That  this  committee  be  requested  to  consider  the  ge-> 
neral  subject  of  State  Geographical  Surveys,  and  to  report  thereon 
at  the  next  annual  meeting. 

Reiolvedf  That  the  American  Association  for  the  Advancement  of 
Science  feel  it  due  to  the  eminent  scientific  labors  of  the  late  Samuel 
G.  Morton,  of  Philadelphia,  to  express  their  deep  regret  at  the  loss 
which  science  has  sustained  in  the  death  of  their  distinguished  col- 
league. 

Resolved,  That  a  copy  of  these  resolutions  be  transmitted  by  the 
President  and  Secretary  to  the  family  of  the  late  S.  G.  Morton, 

Resolvedt  That  the  thanks  of  the  American  Association  for  the 
Advancement  of  Science  be  returned  to  the  Mayor  and  Corporation 
of  the  City  of  Albany,  for  the  measures  taken  by  them  to  extend  the 
hospitalities  of  their  city  to  the  members,  and  to  enable  them  to  visit 
its  beautiful  environs  and  the  neighboring  city  of  Troy. 

Resolcedf  That  the  thanks  of  this  Association  be  tendered  to  the 
Local  Committee,  for  the  ample  accommodation  and  complete  ar- 
rangements which  have  so  much  promoted  the  business  which  has 
coAe  before  this  body. 

Resolved,  That  the  thanks  of  this  Association  are  hereby  presented 
to  the  Trustees  of  the  Capitol,  to  the  Trustees  of  the  Albany  Female 
AcEulemy,  to  the  Executive  Committee  of  the  State  Normal  School, 
for  accommodations  tendered  this  body  during  its  sitting. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Governor  of  the  State,  and  to  the  other  gentlemen  who  have  enter- 
tained the  Association,  for  their  kind  hospitality  and  attention  to  the 
members  and  their  families ;  and  also  to  Col.  Baker,  of  the  U.  S. 
Arsenal,  for  his  reception  of  the  Association  at  the  Arsenal ;  and 
likewise  to  the  Rensselaer  Polytechnic  Institution. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Albany  Academy,  for  the  facility  afforded  in  its  rooms  for  their 
meeting ;  and  also  to  the  Albany  Institute,  for  the  use  of  its  library 
and  collections. 

Resolved,  That  the  thanks  of  the  American  Association  be  pre- 
sented to  the  Trustees  and  Faculty  of  the  Albany  Medical  College, 
for  the  kind  offer  of  the  use  of  their  rooms  for  the  purposes  of 
meeting,  and  al^o  for  the  invitation  to  visit  the  museum  of  the  same. 
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Resolved,  That  the  thanks  of  this  Association  be  likewise  tendered 
the  members  of  the  Young  Men's  Association,  for  the  kind  offer  of 
the  use  of  their  rooms  to  the  members  of  this  body. 

Resolved,  That  the  thanks  of  the  Association  be  returned  to  the 
Superintendent  of  the  Western  Railroad,  and  of  the  roads  from 
Cincinnati  to  Cleveland  and  Sandusky,  and  of  the  Utica  and  Sche- 
nectady Railroad,  for  the  facilities  offered  to  members  in  their  passage 
to  and  from  the  Albany  meeting. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  the 
Regents  of  the  University  of  the  State  of  New- York,  for  their  at- 
tentions to  the  Association  while  in  this  city. 

Resolved,  That  the  thanks  of  the  Association  be  presented  to  those 
gentlemen  of  Albany,  who  have  subscribed  towards  publishing  the 
Proceedings  of  the  Association ;  and  that  those  giving  $5,00  and 
upwards,  receive  a  copy  of  the  Proceedings. 

Resolved,  That  the  Section  on  Meteorology  approves  entirely  the 
mode  of  testing  and  graduating  the  thermometer,  and  the  arrange- 
ment and  construction  of  the  barometer,  and  other  meteorological 
instruments  adopted  by  the  Smithsonian  Institution  and  by  the  States 
of  New-York  and  Massachusetts,  and  now  explained  by  Professor 

GUYOT. 

Resolved,  That  the  Permanent  Secretary  be  directed  to  collect  all 
the  actual  rules,  regulations  and  resolutions  of  the  Association,  and 
publish  them  in  the  next  volume  of  Proceedings  as  an  appendix  to 
the  Constitution. 

Resolved,  That  a  committee  be  appointed,  to  represent  to  the 
Secretary  of  the  Interior  the  importance  of  presenting,  in  Major 
Emory's  Report  on  the  United  States  and  Mexican  Boundary,  the 
zoological  results  obtained  by  Dr.  Le  Contb  and  others  in  the  same 
section  of  country.  Said  committee  to  consist  of  Prof.  Agassiz, 
Dr.  ToRREY,  Prof.  Dana,  Dr.  Kirtland,  Prof  Baird. 

Resolved,  That  the  Committee  on  Meteorological  Observations  be 
continued,  to  act  in  reference  to  the  extension  of  the  system  of  me- 
teorological observations  now  in  operation  under  the  direction  of  the 
Smithsonian  Institution. 
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Whereas  the  provision  of  the  Constitution  appears  to  be  indefi- 
nite in  regard  to  the  term  of  service  of  the  chairmen  and  secretaries 
of  the  Sections  : 

Resolved,  That  the  sections  be  requested  to  direct  the  chairmen 
of  their  several  standing  committees  to  attend  to  the  current  busi- 
ness of  the  section,  and  to  appoint  a  chairman  for  each  day  of  the 
meeting. 

Resolved,  That  the  sections  be  requested  to  appoint  a  secretary 
for  the  period  of  the  meeting,  whose  duty  it  shall  be  to  furnish  to 
the  Permanent  Secretary,  for  publication,  a  full  report  of  all  pro- 
ceedings and  discussions. 

Resolved,  That  the  foUov^ing  resolutions  be  presented  to  the 
Association  at  the  opening  of  the  Cleveland  Meeting,  for  adoption : 

1.  That  all  papers,  either  at  the  general  or  in  the  several  sectional  meetings^ 
shall  be  read  in  the  order  in  which  they  are  entered  upon  the  books  of  the  As- 
sociation ;  except  that  those  which  may  be  entered  by  a  member  of  the  standing 
committee  of  the  Association,  shall  be  liable  to  postponement  by  the  standing 
committees  of  the  sections. 

If  this  regulation  should  be  adopted  by  the  Association, 
members  will  recognize  the  expediency  of  entering  the  titles  of 
their  communications  at  as  early  a  date  as  possible. 

2.  That  if  any  communication  should  not  be  ready  at  the  assigned  time^  it  shall 
be  dropped  to  the  bottom  of  the  list,  and  shall  not  be  entitled  to  take  precedence 
of  any  subsequent  communication. 

8.  That  no  exchanges  shall  be  made  between  members,  without  authority  of 
the  respective  standing  committees. 
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CORRECTIONS. 

Page  74.  Art  12,  ''Relation  of  the  chemical  constitatioii  of  bodies  to  li^t,* 
Bhonld  be  entered  ae  not  received^  and  the  entire  article  regarded  at 
cancelled ;  the  same  having  been  repriated  from  a  mere  mde  ncwf- 
paper  report,  nnrevised  by  th^  anthor,  and  snbBcqnentlj  disavowed. 

Page  207.  Since  art  7,  "Solidification  of  the  rocks  of  the  Florida  re^s,  and  the 
sources  of  lime  in  the  growth  of  corala,"  was  printed,  Prot  J.  D.  Dun 
has  stated  to  the  author,  that  "  the  remarks  cited  in  the  33d  line  of 
page  213,  from  his  Geological  Report,  were  not  intended  to  conTej 
the  idea  that  corals  flourish  best  in  the  vicinity  of  fresh  waters." 

Page  24a    The  formula  in  line  83  should  be 

HO,SiO„Cr,0„Fe,0^ 


CP 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


